
PUGET SOUND NEARSHORE ECOSYSTEM 
RESTORATION STUDY 

 

APPENDIX B 

ENGINEERING 



This page was intentionally left blank to facilitate double sided copying. 



Engineering Appendix  Section 1 
Beaconsfield Feeder Bluff  Page i 

Section 1: Beaconsfield Feeder Bluff  

Table of Contents 
1-1 General – Beaconsfield Feeder Bluff ..................................................................................................... 1 
1-2 Hydrology and Hydraulics ...................................................................................................................... 3 
1-3 Surveying, Mapping, and Other Geospatial Data Requirements ....................................................... 12 
1-4 Geotechnical .......................................................................................................................................... 14 
1-5 Environmental Engineering ................................................................................................................. 19 
1-6 Civil Design ........................................................................................................................................... 20 
1-7 Structural Requirements ...................................................................................................................... 23 
1-8 Electrical and Mechanical Requirements ............................................................................................ 24 
1-9 Hazardous and Toxic Materials ............................................................................................................ 24 
1-10 Construction Procedures and Water Control Plan .............................................................................. 25 
1-11 Initial Reservoir Filling and Surveillance Plan .................................................................................... 25 
1-12 Flood Emergency Plans for Areas Downstream of Corps Dams ........................................................ 25 
1-13 Environmental Objective and Requirement ........................................................................................ 26 
1-14 Reservoir Clearing ................................................................................................................................. 26 
1-15 Operation and Maintenance ................................................................................................................. 26 
1-16 Access Roads ......................................................................................................................................... 26 
1-17 Corrosion Mitigation ............................................................................................................................. 26 
1-18 Project Security ..................................................................................................................................... 27 
1-19 Cost Estimates ....................................................................................................................................... 27 
1-20 Schedule for Design and Construction ................................................................................................ 27 
1-21 Special Studies....................................................................................................................................... 27 
1-22 Data Management ................................................................................................................................. 29 
1-23 Use of Metric System Measurements ................................................................................................... 29 
1-24 References ............................................................................................................................................. 29 
ANNEX 1: EXHIBITS ........................................................................................................................................ 31 
ANNEX 2: COST ESTIMATE DETAILS ........................................................................................................... 36 



Engineering Appendix  Section 1 
Beaconsfield Feeder Bluff  Page 1 

1-1 GENERAL – BEACONSFIELD FEEDER BLUFF  
1-1.1 Overview of Restoration Site 
The Beaconsfield Feeder Bluff site is located just north of Marine View Park in Normandy Park, in the 
South Central Puget Sound Subbasin. The site is located within a long littoral drift cell, which exhibits 
northward net shore-drift from Des Moines Beach to Three Tree Point. The bluff restoration site is 
composed of several narrow residential parcels along 1,000 feet of this shoreline. Most of the parcels 
extend from the beach up the lower elevation portion of a steep bluff face; and most are armored with 
intermittent concrete vertical bulkheads and rock revetments. The armor inhibits sediment supply 
between the bluff and the beach and down-drift nearshore habitats.  

The Beaconsfield Feeder Bluff site is the one site selected to address Beach restoration objectives to 
restore sediment input and transport processes to littoral drift cells where bluff erosion sustains beach 
structure. Target ecosystem processes include: 

• Sediment supply  

• Sediment transport 

• Erosion and accretion of sediments  

• Detritus recruitment and retention 

The drift cell has incurred substantial degradation of sediment supply and other nearshore processes due 
to the presence of the shoreline armor. The proposed restoration would remove some of the armor and 
restore sediment supply in the drift cell. A restoration alternative that proposed complete removal of the 
shoreline armor and the acquisition and removal of a residential structure (the Hadley property) located 
at the top of the bluff was considered but rejected during the cost-benefit analysis; see Chapters 4 and 5 of 
the Feasibility Report for a complete discussion of the evaluation of alternatives. Details of the restoration 
design are provided in Section 1-6 and shown on the exhibits provided in Annex 1. Figure 1-1-1 shows the 
Beaconsfield site and vicinity.  
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Figure 1-1-1. Beaconsfield Feeder Bluff and Vicinity 
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1-2 HYDROLOGY AND HYDRAULICS 
The Beaconsfield Feeder Bluff restoration concerns an armored yet largely undeveloped coastal area that 
has incurred substantial degradation of sediment supply. The 270- to 290-foot-high bluff, shown within 
the dashed line in Figure 1-2-1, lies between two small local drainages and receives only local upland 
runoff. Slopes north and south of the site show recession due to groundwater sapping as seeps and springs 
erode the slope, while energetic storm waves are eroding the toe of the bluff at a rate of about 1 foot per 
year (Sarikhan and Walsh, 2011). 

 
Figure 1- 2-1. Beaconsfield Feeder Bluff 

The hydraulics and hydrology for all restoration sites in the Puget Sound Nearshore Ecosystem 
Restoration project (PSNERP) were evalauated using an area of potential hydraulic effects specific to the 
construction requirements for each particular site.  

Figure 1-2-2 shows the area of potential hydraulic effects for the Beaconsfield Feeder Bluff. The base flood 
elevation is at 19.8 feet (NAVD88) based on storm surge height and atmospheric effects in Puget Sound as 
reported in FEMA Flood Insurance Study 53033CV001B, King County and Incorporated Areas, Revised 
April 19, 2005. The upstream limit of the area of potential hydraulic effects was taken as the top of the 
bluff. The lateral limits were taken as the ravines to the north and south of the bluff that separate it from 
the surrounding bluffs. The seaward limit was taken as the downstream extent of most estuarine 
sediments visible on aerial photographs. The limits of the area of potential hydraulic effects does not 
incorporate the potential for sea level change but this potential is discussed in Section 1-2.1.9. 
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Figure 1-2-2. Beaconsfield Feeder Bluff: Area of potential hydraulic effects 

1-2.1 Functional Design Requirements 
This section describes the hydrologic and hydraulic setting for the site and the intended hydraulic 
consequences of the design features. 

1-2.1.1 Consequences of flows exceeding discharge capacity of the project 
No aspects of the site involve water control so there is no design discharge capacity to be evaluated. (Not 
applicable.) 

1-2.1.2 Project-induced changes obligating mitigation 
Mitigation, in the context of this site, applies to compensation of local stakeholders for any loss of 
function or detrimental project-induced changes. The possible project-induced changes obligating 
mitigation, as identified at this stage of design, are summarized below: 

• Removal of bulkhead sections will result in continued and possibly accelerated erosion of bluffs 
south and north of the remaining section of bulkhead. Local areas of scour may occur at the ends 
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of the remaining bulkhead, and measures in addition to revetment of the bulkhead ends may need 
to be taken to reduce loss of hillslope in these areas. 

• Although it is the intent of this project to increase the sediment supply to nearshore areas around 
Beaconsfield, some of the sediments may affect marine biota and eelgrass until a new equilibrium 
is established. 

• Erosion of the bluff above the remaining bulkhead is anticipated to continue and is not a project-
induced change. 

1-2.1.3 Discharge-frequency relationships 
Since this site does not have any freshwater inflows, a discharge-frequency relationship is not relevant. 
(Not applicable.) 

1-2.1.4 0.2% chance of exceedance flood (500-year return interval flood) 
The area of potential hydraulic effect for Beaconsfield is solely influenced by storm surge from Puget 
Sound. Table 1-2-1 summarizes the 500-year hydraulic conditions for the site (FEMA, 2005). 

Table 1-2-1. 500-year return interval hydraulic conditions for Beaconsfield 

Flooding source Elevation (feet, NAVD88) Discharge (cfs) 

Puget Sound Coastal BFE 20.3 - 
Freshwater Inflows - n/a 

1-2.1.5 Stage-discharge relationships 
Since this site does not have any significant freshwater inflows, a stage-discharge relationship is not 
relevant. (Not applicable.) 

1-2.1.6 Flow duration 
Since this site does not have any significant freshwater inflows, a fluvial flow duration analysis is not 
relevant. Since the rate of bluff erosion and the evolution of the beach depend on the time of exposure to 
coastal events, durations for storm surge and wind waves of different recurrence intervals will have to be 
determined during Project Engineering and Design (PED). 

1-2.1.7 Flood inundation boundaries and flood stage hydrographs 
Figure 1-2-3 shows the 100-year flood zone as determined for the FEMA Flood Insurance Rate Map. The 
100-year coastal base flood elevation of 19.8 feet (NAVD88) was established in FEMA Flood Insurance 
Study 53033CV001B (April 2005).  
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Figure 1- 2-3. Current FEMA 100-year flood zone as adapted from Flood Insurance Rate 

Map (FIRM) 53033C -0961G & -0962G (FEMA, 2013) 

1-2.1.8 Reservoir yields 
No reservoirs are planned as part of this site. (Not applicable.) 

1-2.1.9 Risk and uncertainty analysis for sizing of the project under study 
Sea Level Change  

The Beaconsfield site is located in the South Central Sub-basin of Puget Sound. Sea level change 
calculations for the South Central Sub-basin are based on the Seattle tide gauge and are calculated using 
the guidance under ER 1100-2-8162—Incorporating Sea Level Change in Civil Works Programs (USACE, 
2013).  

Table 1-2-2 shows the range of sea level change projections for the 50-year project life, indicating a 
maximum sea level change of 3.52 feet in 50 years. The largest risk associated with sea level change at this 
site is increased erosion of the bluff due to higher water levels and associated wind waves. This could 
potentially lead to the need for further reinforcement of the shoreline armor that is left in place to protect 
the existing structures at the top of the bluff.   The extent of shoreline armor or other reinforcements 
necessary to protect the existing structures will be evaluated during PED. 
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Table 1-2-2. Projected Sea Level Change (feet) Seattle (Gauge 9447130) 

Year Low  (feet) Intermediate 
(feet) High (feet) 

2030 0.28 0.41 0.81 

2040 0.35 0.56 1.21 

2050 0.43 0.73 1.67 

2060 0.5 0.91 2.21 

2070 0.57 1.11 2.83 

2080 0.65 1.34 3.52 

1-2.1.10 Water quality conditions 
No water quality information has been reviewed for this site. The restoration is not anticipated to generate 
any long-term effects on surface water quality. The anticipated water quality effects are as follows: 

• Although the proposed restoration will require the use of a barge for construction activities, no in-
water work will occur. The barge will be used to transport construction equipment and haul 
removed armor from the site. Work can be sequenced to avoid in-water work at high tide to 
prevent construction-related turbidity and suspension of sediments during bulkhead and beach 
fill removal. 

• Temporary increases in sedimentation may occur down-drift of the site because of the evolution 
of the beach face and bluff after construction. These effects, together with other sedimentation 
issues, will be evaluated during PED. 

1-2.1.11 Groundwater conditions 
Groundwater was measured in the field at elevations of approximately 210 and 245 feet near the top of the 
bluff (Sarikhan, 2011). The top of the bluff at Beaconsfield is dominated by a ridge running from 
southwest to northeast which narrows to approximately 70 feet wide. Sarikhan and Walsh (2011) report 
that this ridge is being sapped by mass wasting from groundwater on both sides, forming two convergent 
slopes. On the southeastern side of the ridgeline, sapping appears to be fed by artesian groundwater at 
multiple areas and elevations and appears to have progressed upslope.  It is possible that the sapping 
could continue to progress uphill and pinch through the ridge. Although the shallow landslide danger is 
predominately at the lower center of the bluff, the combination of steep slopes, concentrated water (from 
groundwater), and convergent to planar topography at the bluff top ridge would place the landward 
southeast side of the ridge at a higher risk of instability, especially for shallow landslides, such as debris 
flows. Although groundwater sapping may contribute sediments to the project area, no impacts to 
groundwater are anticipated from work at this site. 

1-2.1.12 Preliminary project regulation plan 
No water control facilities are planned as part of this site. (Not applicable.) 

1-2.1.13 Preliminary Real Estate taking line elevations 
The current real estate limits are delineated by the project construction area, staging areas, and access 
roads and do not include the entire potential area of hydraulic effects. Real estate assumptions, 
valuations, and planning documents have been appropriately scaled for the current level of design. 

The area of potential hydraulic effects for Beaconsfield is dominated by storm surge. Restoration of 
nearshore processes at the Beaconsfield site would require acquisition of numerous privately held, 
armored, waterfront parcels. Following property acquisition, vertical concrete bulkheads and rock 
revetments can be demolished and removed from the site. While acquisition is the preferred option, and 
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has been completed for several beach parcels, securing easements for other parcels may be a more feasible 
option. This is especially the case for the northern parcels that contain structures set back from the bluff 
crest far enough to be safe from expected bluff recession following bulkhead removal. Approximately 100 
feet of the northernmost concrete bulkhead extends into public tidelands. Permission may also be 
required from the Washington Department of Natural Resources (WDNR) to remove the northernmost 
bulkhead because it may partially extend onto public tidelands. 

As additional surveys, modeling, plans, and designs are completed during the PED phase, the real estate 
documentation will be modified accordingly. For the current real estate status, refer to the Feasibility 
Study, Appendix C, Real Estate Plan. 

1-2.1.14 Criteria for facility/utility relocations 
No relocations of utilities are anticipated for this site. 

1-2.1.15 Criteria for identification of flowage easements required for project function 
While acquisition is the preferred option, and has been completed for several beach parcels, securing 
easements for other parcels may be a more feasible option. Refer to Section1-2.1.13 . This will be reviewed 
and confirmed during PED. 

1-2.1.16 Criteria in support of project OMRR&R requirements 
Monitoring needs associated with the hydraulic function of the site are as follows: 

• The beach area exposed after removal of the existing bulkhead should be monitored to confirm 
that the beach profile is developing as anticipated and that excessive bluff recession does not 
occur. 

• The remaining bulkhead needs to be monitored for stability at an interval consistent with current 
bulkhead monitoring. 

1-2.1.17 Environmental engineering considerations 
In the context of hydrology and hydraulics, environmental engineering is taken to mean water supply and 
sanitation. 

Water Supply 

The property at the top of the bluff is on public water supply. It is unlikely that any private groundwater 
wells will be affected by planned work at the site. The location and depth of any wells in the area of 
potential hydraulic effect will be reviewed during PED. 

Sanitation 

The properties surrounding the site are assumed to be on septic systems. The extent to which changes at 
the bluff will affect leach fields and septic systems will be addressed during PED. 

1-2.2 Residual Flooding Consequences – With Project Flooding 
This section discusses the predicted hydraulic conditions after construction of the site. 

1-2.2.1 Warning time of impending inundation 
Aside from regional warnings for possible flooding, no warning system is planned. (Not applicable.) 

1-2.2.2 Rate of rise, duration, depth, and velocity of inundation 
Since the rate of bluff erosion and the evolution of the beach depend on the time of exposure to coastal 
events, durations for storm surge and wind waves of different recurrence intervals will have to be 
determined during PED. 

1-2.2.3 Historic, 1% and 0.2% exceedance (100-year and 500-year) flood extents 
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Historic coastal flood data are not available for this location. The 100-year flood zone as determined for 
FEMA Flood Insurance Study 53033CV001B is based on a coastal base flood elevation of 19.8 feet 
(NAVD88). Because this is a coastal restoration project without critical infrastructure, the 500-year flood 
elevation will not be investigated further during PED.  

1-2.2.4 Access and egress problems created by flooding 
There is no current road access to the beach in this area. (Not applicable.) 

1-2.2.5 Potential for loss of life as a result of 1-2.2.1 through 1-2.2.3 
The potential for loss of life as a result of the proposed work at the site is low. The main risk from project 
actions comes from continued erosion and possible landsliding at the seaward bluff face which could 
affect local residents or beachgoers.  Mass wasting and landslide hazards due to non-project related 
groundwater sapping of the ridge may affect the project area. 

1-2.2.6 Identification of any potential loss of public services 
There are no public services associated with the site. (Not applicable.) 

1-2.2.7 Potential physical damages 
The principal risk for physical damages from the project action comes from continued erosion and 
recession at the bluff face which could affect the stability of local residences. Potential physical damages 
that can occur during storm activity will be addressed by the coastal analyses conducted during PED. 

1-2.3 Project Induced Flooding – Change from Pre-Project Conditions 
This section describes the effects of the site on flood elevations, flood patterns, and flood frequency. 

1-2.3.1 Information categories required by 1-2.2 
Flooding at the site is dominated by tides and storm surge. Discharge from upland areas does not affect 
peak water levels. The removal of portions of the bulkhead and grading of the bluff and beach face are not 
anticipated to change flooding patterns from pre-project conditions. 

1-2.3.2 Anticipated frequency of induced flooding 
The restoration is not expected to change the frequency of flooding, or the 100-year flood limits. 

1-2.4 Inundation Risk 0.2% Exceedance (500-year Return Interval) Flood 
The restoration is not expected to change the 500-year flood limits at Beaconsfield. The main risk for the 
500-year flood in this area is due to sea level change (refer to Section 1-2.1.9). 

1-2.5 Hydraulic Studies  
This section discusses the hydraulic studies, construction considerations, and instrumentation and 
monitoring needs for the site. The anticipated hydraulic studies at this site are summarized in Section 1-
21. 

1-2.5.1 Hydraulic roughness determinations 
No hydraulic roughness determination is currently planned. (Not applicable.) 

1-2.5.2 Water surface profiles 
Since this site does not have any significant freshwater inflows, water surface profiles are not relevant. If 
information about water levels is required to assess ecological response to diurnal tidal fluctuations, this 
will be addressed during PED. 
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1-2.5.3 Stage-discharge relationships 
Since this site does not have any significant freshwater inflows, a stage-discharge relationship is not 
relevant. (Not applicable.) 

1-2.5.4 Head loss 
No head loss studies are planned. (Not applicable.) 

1-2.5.5 Flow and velocity 
Since this site does not have any significant freshwater inflows, a fluvial flow duration analysis is not 
relevant. The rate of bluff erosion and the evolution of the beach depend on the time of exposure to 
coastal events. Therefore, durations for storm surge and wind waves of different recurrence intervals will 
have to be determined during PED. 

1-2.5.6 Structural sizing needed to meet design capacity including slope protection 
The hydraulic analysis conducted during PED will evaluate the effects of waves and storm surge on the 
bulkhead removal and beach face reconstruction. No large woody debris installation is planned. However, 
plans do call for large woody debris found waterward or landward of armoring to be placed in the 
backshore following grading. If needed, the stability of large wood placed in such a manner will be 
evaluated during PED. 

1-2.5.7 Water control facilities 
No water control facilities are proposed. (Not applicable.) 

1-2.5.8 Energy dissipating facilities 
No energy dissipation facilities are proposed. (Not applicable.) 

1-2.5.9 Erosion control requirements 
Construction 

The planned earthwork for this site will require water-based equipment (barges). Since existing 
bulkheads, bluff and beach fill material will be removed, appropriate in-water sediment control measures 
will need to be used during construction. Any in-water or overwater construction should follow accepted 
best management practices for erosion control. 

With Project 

No erosion control is anticipated outside of the construction boundaries since the goal of the project is to 
reestablish natural erosion and sedimentation processes. The slope areas exposed by removal of the 
bulkhead will be monitored at an interval to be determined during PED.  The ends of the remaining 
bulkhead will need to be tied in to the bluff face and erosion protection installed. The tie-ins are assumed 
to be made using existing revetment rock demolished from other areas at the site. Rock sizing for slope 
and tieback revetments will use the guidance from ER 1110-2-1407. 

1-2.5.10 Existing and post-project sedimentation 
The removal of portions of the bulkhead will allow the mobilization of bluff sediments. Shoreline 
properties and habitat adjacent to and down-drift of Beaconsfield may experience some temporary 
increases in sedimentation as these sediments are transported offshore. The amount and potential areas 
of sedimentation will be evaluated during PED. Monitoring of sedimentation and bluff face evolution is 
addressed in Section 1-2.5.14. 

1-2.5.11 Water control and order of work during construction 
Bulkhead removal and regrading of slopes will likely be accomplished by barge. The reinforced concrete 
bulkheads will need to be broken up to facilitate removal. Once demolished, the bulkhead and rock can be 
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loaded onto the barge for offsite disposal. Work will be sequenced to avoid in-water work during high tide 
and to minimize sediment input to intertidal areas. Following removal of the armor, sediment landward of 
the bulkheads will undergo minor grading to resemble adjacent unarmored beach elevations. If vibratory 
extraction methods are required for removal of pieces of the existing bulkhead, measures should be taken 
to minimize the loosening of soil and suspension of sediments into the surrounding waters. In a sensitive 
marine environment, careful excavation and removal of the bulkhead and other armoring will be required. 

1-2.5.12 Criteria for facility/utility relocations 
No relocations of utilities are anticipated for this site. 

1-2.5.13 Other facilities to meet project goals 
No other facilities are required in order to meet project goals. (Not applicable.) 

1-2.5.14 Instrumentation and monitoring 
A combination of field surveys and aerial photographs will be used to document biological and physical 
changes to the landscape. Monitoring data can be used to refine adaptive management and corrective 
measures, as needed. Some of the key monitoring needs and opportunities are summarized in the 
Feasibility Study.  

1-2.6 Coastal Studies 
The site is located in south central Puget Sound and is only subjected to wind waves caused by local 
winds. Measurements at the nearby West Point station (Figure 1-2-4) show that the maximum wind 
speeds come from the southerly direction and rarely exceed 30 miles per hour. The fetch length in the 
southerly direction is approximately 6.0 miles, which could result in wave heights up to 4.5 feet with a 
period of 4.0 seconds. These wind waves result in a littoral transport of sediment to the north along the 
project shoreline and are the primary cause of erosion at the site. The influence of wind wave activity, 
storm surge and wave setup will be evaluated during PED. 

 
Figure 1-2-4. Wind Rose for West Point 
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Project plans formulated during the conceptual design phase are based on a Mean Higher High Water 
tidal datum of 9.02 feet (NAVD88). This datum is from the tide gauge at Seattle (NOAA gauge 
9447130). The final design tidal datums will be reviewed and established during PED. 

Table 1-2-3. Major Tidal Datums for the Beaconsfield Feeder Bluff, Seattle (Gauge 9447130) 

Datum Description  Water Level   
(ft, NAVD88) 

Mean Higher-High Water (MHHW) 9.02 

Mean High Water (MHW) 8.15 

Mean Tide level (MTL) 4.32 

Mean Sea Level (MSL) 4.3 

National Geodetic Vertical Datum of 1929 
(NGVD29) 

Mean Diurnal Tide Level (DTL) 

3.58 

3.34 

Mean Low Water (MLW) 0.49 

North American Vertical Datum of 1988 (NAVD88) 0 

Mean Lower Low Water (MLLW) -2.34 

A summary table for the anticipated coastal studies at this site is presented in Section 1-21. 

1-2.6.1 Design of coastal shore protection projects (ER 1110-2-1407) 
The proposed restoration calls for some of the existing bulkhead to remain in place in order to protect a 
property on top of the bluff. The primary risk related to the project is the risk of erosion and flanking of 
the shoreline protection left in place. Any shoreline protection left in place as part of the project should 
meet the design guidance provided in Engineering Regulation 1110-2-1407, Hydraulic Design for Coastal 
Shore Protection Projects. The effects of leaving portions of the existing shoreline protection will be 
evaluated during PED. Reclaimed revetment rock used to protect the remaining portion of bulkhead and 
to connect it to the bluff will meet the guidance provided in Engineering Regulation 1110-2-1407. 

1-2.6.2 Effects on adjacent shores 
The primary effect on adjacent shores is the project goal for increase in sediment input to the down-drift 
shorelines providing additional upper beach habitat. The restoration is expected to have minimal if any 
effect on the up-drift shorelines. 

1-2.7 Navigation Projects 
This site does not affect navigation. (Not applicable.) 

1-3 SURVEYING, MAPPING, AND OTHER GEOSPATIAL DATA 
REQUIREMENTS  

This section describes surveying, mapping, and other geospatial data information to support preparation 
of the feasibility report and the Real Estate Plan (Appendix C of Feasibility Study). A brief outline of 
additional surveying and mapping required for design, plans and specifications, construction, and 
operations is also included. 

1-3.1 Surveying, Mapping, and Other Geospatial Data Information Used 
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Geospatial data for the Beaconsfield site was obtained primarily from remote sensing applications and for 
prior pre-design / feasibility studies conducted by Johannessen et al. (2006). No site-specific topographic, 
bathymetric, property, or utility surveys were conducted during the conceptual design phase. LiDAR, 
aerial imagery, and other geospatial data were used to delineate topographic features, determine surface 
elevations, and to estimate areas, volumes, lengths, and other dimensions of key features using CAD 
and/or ArcGIS. High-resolution LiDAR was obtained from the Puget Sound LiDAR Consortium (2000 
LiDAR; 3m grid; State Plane projection in NAD83 [horizontal datum] and NAVD88 [vertical datum]; 
available at http://pugetsoundlidar.ess.washington.edu/lidardata/index.html). The Puget Sound Digital 
Elevation Model was used for combined bathymetry and topography of the Puget Sound lowland 
(Finlayson D.P., 2005; University of Washington; State Plane projection in NAD83 [horizontal datum] 
and NAVD88 [vertical datum]; available at http://www.ocean.washington.edu/data/pugetsound). Recent 
aerial photography (King County, 2007) was evaluated to determine recent site conditions. The 
conversion from Mean Lower Low Water to North American Vertical Datum (NAVD88) and to the 
NGVD29 datum was derived from NOAA’s VDATUM (using the coordinates latitude 47.402222, 
longitude -122.335556).  

Information on land ownership was derived from the Washington Public Lands Database. Additional 
parcel data, including parcel boundaries, were obtained from the King County assessors’ office (2010). 
Information on utilities, existing roadway geometry, and other site features was generally scaled off of 
aerial photographs because as-built drawings were not available. A site reconnaissance was performed in 
September 2010.  

Designers consulted the Nearshore Geodatabase for additional site context. The Nearshore Geodatabase is 
available from the Washington State Geospatial Data Archive at: 
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP. Metadata are provided in the 
Geospatial Methodology Used in the PSNERP Comprehensive Change Analysis of Puget Sound (Anchor 
QEA et al., 2009) (see Annex B). The geodatabase includes numerous datasets listed below: 

• Shoreline • Overwater structures 

• Bathymetry • Marinas 

• Digital Elevation Model (DEM) • Armoring 

• LiDAR (terrestrial) • Breakwaters/jetties 

• Oblique aerial imagery (from the Washington 
Coastal Atlas) 

• Groins 

• Hydrographic sheets  • Dikes 

• Geology • Dams 

• Slope stability • Nearshore fill 

• Drift cells (net shore-drift) • Roads 

• Streams • Railroads 

• Impervious surfaces • Land cover 

Designers also consulted the University of Washington Puget Sound River History Project 19th Century 
Coast Survey Topographic Sheets (2009) for information on historical geomorphic conditions. Conceptual 
designs were intended to replicate historical conditions and remove stressors to nearshore processes to 
the extent practicable and feasible; as a result these datasets informed the selection of restoration 
strategies and features. Designers created additional GIS data layers (point files, line files, and polygon 
files) to represent civil design features such as areas of lowland excavation to be depicted on the plan view 
drawings. Designers also created simple line drawings in CAD to represent typical sections and estimate 
quantity take-offs but did not do any surface modeling.  

1-3.2 Additional Survey and Mapping Required 

http://pugetsoundlidar.ess.washington.edu/lidardata/index.html
http://www.ocean.washington.edu/data/pugetsound
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP
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Substantial additional information will be required at the preliminary and later design stages to refine the 
design assumptions, confirm real estate requirements, and develop plans and specifications. Additional 
survey, mapping, and other geospatial data needs include the following: 

• Property/Utility Survey – More detailed information on property boundaries and utilities will be 
needed to finalize the design and support real estate negotiations. Major discrepancies currently 
exist between on-the-ground parcel monuments and the King County digital parcel data. 

• Topographic/Bathymetric Survey – The conceptual design was based on LiDAR and aerial 
photos, which have inherent inaccuracies. Site-specific topographic and bathymetric survey data 
will be needed to refine design of key project elements and develop detailed construction and 
demolition plans. Survey data could also be used as a baseline for pre- and post-construction 
monitoring and hydrodynamic modeling.  

1-3.3 Timeline for Incorporation of New Mapping or Other Geospatial Data 
Planning, design, and implementation are expected to take several years. The site-specific surveys 
identified above are standard components of the design process and should be completed in the early 
stages of PED to ensure that the design work proceeds efficiently. Incorporating these data into the design 
process is not expected to delay the project. 

1-4 GEOTECHNICAL 
This section describes the geologic setting of the site, previous and recommended studies, and proposed 
geotechnical explorations relevant to design features. 

1-4.1 Geotechnical Information 

1-4.1.1 Regional and site geology 
Regional geologic mapping from the U.S. Geological Survey (USGS) indicates the bluff is formed from 
glacial coarse-grained deposits (Qpogc) from the Pleistocene age (Booth and Waldron, 2004). The 
deposits are predominantly gravel and sand with some fine-grained silt.  

The shoreline at the base of the bluff consists of non-glacial deposits mapped as beach deposits (Qb) and 
alluvium (Qal) from the Holocene age. The beach deposits are well sorted sand, pebbles, silt, and shells 
which have been reworked by wave action. The alluvium is moderately well sorted cobble, gravel, and 
pebbly sand. In addition, the base of the bluff historically consisted of deposits of landslide colluvium; 
however, since the installation of the bulkhead the amount of colluvium has been reduced. The geologic 
map is shown in Figure 1-4-1. 
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Figure 1-4-1. Geologic Map of Beaconsfield Feeder Bluff 

The bluff is composed of Vashon till overlying Vashon advance outwash deposits, as well as older glacial 
and interglacial sediment. Considerable outwash sand and gravel is exposed in the upper portions of the 
bluff. This material is described as well bedded sandy gravel to more common medium and fine-grain 
sand. Finer grained sediment is more prevalent near the base of the bluff (Johannessen et al., 2006). 

The Soil Survey of King County Area, Washington maps soils in the site area as Alderwood and Kitsap 
soils, very steep slopes, and coastal beaches (Snyder et al., 1973). Alderwood soils are observed in 
moraines and till plains and are described as gravelly sandy loam deriving from basal till with some 
volcanic ash. Kitsap soils are observed in terraces and are described as silt loam deriving from lacustrine 
deposits with minor amounts of volcanic ash. The coastal beach consists of gravelly coarse sand.  

1-4.1.2 Completed explorations 
One boring was drilled to a depth of 300 feet east of the site, just north of SW 207th Street and 6th Avenue 
SW. The boring was drilled to identify soil stratigraphy of the bluff and to investigate its stability with and 
without toe erosion. More details about the boring information and the stability investigation are included 
in a report by WDNR (Sarikhan and Walsh, 2011). Other subsurface information is based on soil surveys 
and geologic mapping. No well logs near the site were available from the Washington State Department of 
Ecology.  

1-4.1.3 Selection of preliminary design parameters 
Based upon research of the soils and geology in the site vicinity, subsurface soils are likely to consist 
mostly of sands and gravels. There are no plans to construct new structures. Therefore, no preliminary 
design parameters have been developed for this report.  
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1-4.1.4 Geophysical investigations 
No geophysical investigations have been conducted at this time. Geophysical investigations such as 
electromagnetic and down-hole surveys should be considered during PED to define possible failure planes 
in the bluff that may be missed by standard drilling methods. Geophysical surveys may also aid in 
identifying the extent of soil horizons in the bluff as well as ground water conditions.  

1-4.1.5 Groundwater studies 
No groundwater studies have been conducted at this time. Groundwater elevation is dependent on the 
water surface elevation of Puget Sound and drainage through the bluff. The bluff is composed of dense 
glacial deposits and there is a potential for perched water on the slope. Piezometers may be installed to 
determine groundwater elevations within the bluff. See Section 1-2.1.11 for groundwater conditions. 

1-4.1.6 Recommended instrumentation 
Recommended instrumentation for this site include both short term and long term instruments and 
include piezometers, inclinometers, and survey monuments. Piezometers should be installed to define the 
groundwater conditions over time. Bluff stability is directly related to groundwater elevations in the bliff 
and may change with time, thus impacting the stability. Inclinometers should be installed to monitor 
potential movement of subsurface soils within the bluff. Movement of subsurface soil occurs prior to slope 
movement at the surface and may indicate instability. Permanent survey monuments may be installed at 
the toe of the bluff to monitor head cutting erosion and rates. 

1-4.1.7 Earthquake studies  
In accordance with Table 20.3-1 of the 2010 American Society of Civil Engineers (ASCE) 7, a Site Class D 
is recommended for this site when considering the average of the upper 100 feet. According to the 2008 
United States Geological Survey (USGS) Earthquake Hazards website 
https://geohazards.usgs.gov/deaggint/2008/, the Peak Ground Acceleration (PGA) predicted for the site is 
0.427 g. The return interval for these ground motions is 10 percent probability of exceedance in 50 years 
(475 years). See Figure 1-4-2 below for earthquake deaggregation output. 

Seismic slope stability analyses will be considered and determined if necessary during PED.  

https://geohazards.usgs.gov/deaggint/2008/
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Figure 1- 4-2. Deaggregation plot for Beaconsfield 

1-4.1.8 Preliminary engineering analysis 
Coastal Geologic Services (CGS) and WDNR investigated the stability of the bluff in the vicinity of the 
Hadley property (Johannessen et al., 2006; Sarikhan and Walsh, 2011). While the CGS investigation 
covered shallow landslide and a model for potential erosion as a result of the bulkhead removal, the 
WDNR report looked at deep-seated landslide, groundwater sapping, and slope stability modeling. A 300-
foot-deep borehole drilled east of the bluff encountered various layers of glacial deposits including Vashon 
lacustrine, Vashon till, and pre-Olympia coarse and fine grained deposits. Marine bluff slopes average 42 
degrees across measured profiles (Johannessen et al., 2006). 

The WDNR report noted the presence of a loose sandy deposit near the toe of the slope. Further 
geotechnical and geological determination is needed to assess the extent of this deposit and its effect on 
the stability of the bluff. The report also noted that the southwestern side of the bluff has a higher risk of 
instability due to steeper slopes and concentrated presence of groundwater which outlets at two main 
elevations. Groundwater sapping was noted along southeastern side of the bluff, which is another concern 
as it might progress uphill and pinch through the ridge. A slope stability analysis on a typical bluff cross 
section with a 4-degree dip resulted in a factor of safety of 1.2, with 50 feet of deep erosion assumed to 
have occurred during 50 years (1 foot per year erosion rate). 

Shore armoring covers approximately 893 feet of the shoreline. The 2006 study determined that 288 feet 
of armor needs to be retained to protect the Hadley residence at the top of the bluff. In 2006, the house 
was measured to be only 14 feet from the crest of the bluff. The stability of the bluff is dependent on the 
rate and extent of marine-induced erosion once the bulkheads and armoring are removed.  
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The goal of the restoration is to allow for erosion and progressive sloughing of the bluff, but part of the 
armoring needs to remain stable to protect the Hadley residence house and property. This needs to be 
carefully investigated and studied in depth to assess with an adequate factor of safety the extent of bluff 
instability. Studies are also needed to confirm that the partial removal of the bulkhead, and the initiation 
of erosion processes at the toe of the bluff in certain areas where the bulkheads are removed, will not 
adversely affect the stability of the bluff or result in damage to the residence.  

Extensive geotechnical explorations and analyses of the bluff stability will be conducted during PED. 
Results of the slope stability analysis may require a change in design of the bulkhead removal locations 
and/or a significant increase in costs if the house must be structurally protected. 

1-4.1.9 Excavatability analysis 
The proposed restoration involves removal of concrete bulkheads and rock revetments. Minimal 
excavation is expected. Minor regrading of sediment landward of bulkheads will be conducted to recreate 
a gently sloping upper beach. Excavation and regrading will likely be accomplished by excavator and/or 
bull dozer. 

1-4.1.10 Anticipated construction techniques and limitations 
The steepness of the bluff and unavailability of access roads prevents access to the site from the landward 
side. Therefore, all construction activities on the beach will take place via barge. The reinforced concrete 
bulkhead will need to be broken into pieces to facilitate removal. An excavator-mounted jack hammer 
should prove sufficient for this purpose. Once broken, an excavator will load the concrete rubble and rock 
onto the barge for offsite disposal.  

If additional bluff stability features are determined to be necessary, the scope and construction may 
change considerably.  

See Section 1-6.1.2 for additional construction notes. 

1-4.1.11 Potential borrow sources and disposal sites 
No borrow is anticipated. Disposal of bulkheads and rock armoring will be offsite. There are no acceptable 
onsite locations for disposal. Some rock may be salvaged from the revetment and reused for a short 
tieback revetment at each end of the retained armor. 

1-4.1.12 Potential sources of concrete and materials 
Minimal concrete or materials procurement is anticipated. Concrete may be required if a new bulkhead is 
to be constructed or for bulkhead tieback walls. Sufficient sources for ready-mix concrete and aggregate 
materials are available within 30 miles of the site. 

1-4.1.13 Suitability of concrete and materials 
Suitability of concrete and materials will be evaluated at later stages of design or during construction. 

1-4.2 Additional Studies and Analysis 
Additional studies and analysis to be completed during PED or subsequent phases of design include the 
following at a minimum: 

• Geotechnical Investigation: subsurface explorations, laboratory testing, and field reconnaissance 

• Geophysical Investigations 

• Groundwater Studies 

• Scour/Recession Study of bluff 

• Slope Stability Analysis: include erosion and potentially seismic 
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1-4.3 Additional Explorations and Testing 
Subsurface exploration will be required for a detailed slope stability analysis. An exploration plan will be 
developed during PED depending on scope changes.  

The subsurface exploration plan will be coordinated with hazardous and toxic material investigations 
during PED to include chemical sampling and testing.  

1-4.4 Laboratory-Testing Program and Evaluations 
No laboratory testing or evaluation of materials has been completed.  

1-5 ENVIRONMENTAL ENGINEERING 
This section describes environmental engineering factors relevant to the proposed design features. 

1-5.1 Use of Environmentally Renewable Materials 
At the conceptual design stage, the use of environmentally renewable materials is not planned. If 
renewable materials are available they could be incorporated into the design. Specific details will be 
developed during subsequent design stages. 

1-5.2 Design of Positive Environmental Attributes into the Project 
The Beaconsfield Feeder Bluff site is one of six sites selected to address beach restoration objectives to 
restore sediment input and transport processes to littoral drift cells where bluff erosion sustains beach 
structure. The proposed restoration would increase the input of sediment by removing the existing shore 
armor at selected locations at the base of the bluff. This would restore sediment input to the greatest 
extent possible without creating additional erosional forces on the existing residential structure located at 
the top of the bluff. The restored sediment input from the feeder bluff will benefit down-drift shores 
within approximately 4 miles from the site. 

1-5.3 Inclusion of Environmentally Beneficial Operations and Management for 
the Project 

Design and construction will incorporate sustainable and ISO 14000 compliant practices for operations 
and management. The U.S. Army Corps of Engineers (USACE) Environmental Operating Principles 
(EOPs) are designed to provide direction on achieving better stewardship of air, water, and land resources 
while showing the connection between managing those resources and protecting environmental health. 
The EOPs are to ensure that USACE actions consider the environment and are sustainable now and in the 
future.  

1-5.4 Beneficial Uses of Spoil or Other Project Refuse During Construction and 
Operation 

Large rock removed from the revetment would be reused on site for new tieback revetments to the 
maximum extent practicable. If spoils or other refuse materials are available for reuse, they could be 
incorporated into the design. Specific details will be developed during subsequent design stages. 

1-5.5 Energy Savings Features of the Design 
At the conceptual design stage, energy savings features have not been incorporated. In accordance with 
the EOPs, energy savings features will be a component of the design to the maximum extent practicable.  

1-5.6 Maintenance of the Ecological Continuity in the Project with the 
Surrounding Area and Within the Region 
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The project will increase ecological continuity in the site and with the surrounding area. This is one of 
several sites designed to restore the productivity and increase interconnectivity of the Puget Sound 
ecosystem. 

1-5.7 Consideration of Indirect Environmental Costs and Benefits 
Indirect environmental costs and benefits will be evaluated during environmental assessments developed 
for each project at a later date.  

1-5.8 Integration of Environmental Sensitivity into All Aspects of the Project 
Construction will be conducted to ensure no deleterious impacts to the ecosystem will occur over the long 
term. Best management practices will be incorporated into the contract documents. Most management 
practices will cover erosion and sediment control, stormwater management, spill response and hazardous 
material management, trash and debris management, air emissions from construction vehicles, and noise 
standards. 

1-5.9 The Perusal of the Environmental Review Guide for Operations (ERGO) 
with Respect to Environmental Problems that Have Become Evident at 
Similar Existing Projects and, Through Foresight During this Design Stage, 
Have Been Mitigated/Addressed in the Project Design 

This is not a USACE operating facility. (Not applicable.) 

1-5.10 Incorporation of Environmental Compliance Measures into the 
Project Design 

All applicable laws and regulations will be followed during design and construction in accordance with the 
USACE contract documentation. 

1-6 CIVIL DESIGN 
This section discusses the key elements of the civil design, including the selection of the site, basis of 
design, and constructability. 

1-6.1 Site Selection and Project Development 
Restoration of the Beaconsfield Feeder Bluff represents an opportunity to restore an important source of 
sediment and improve down-drift nearshore habitat structure. Historic geomorphic analyses of the region 
identified the bluff as one of the highest restoration priorities along the east shoreline of King County. The 
proposed restoration involves partial removal of existing shoreline armor present at the base of the feeder 
bluff (see exhibits in Annex 1). The shoreline armor is composed of both concrete bulkheads and rock 
revetments. Removing some of armor would restore sediment input processes to the greatest extent 
possible without exacerbating the existing threat of erosion waterward of a residential structure located at 
the top of the bluff (the Hadley house).  

Complete removal of the shoreline armor from the beach was considered but is not included in the current 
design. A prior assessment (Johannessen et al., 2006) determined that if Hadley house remains present, 
some armor should be retained to slow marine-induced erosion. The option of moving the house 
landward, away from the eroding bluff, was also deemed infeasible because the house is constructed of 
brick and there are topographic and slope stability constraints on the property. Another restoration 
alternative that proposed the acquisition of the Hadley parcel, removal of the home and complete removal 
of the armor was considered but rejected during the cost-benefit analysis see Chapters 4 and 5 of the 
Feasibility Report for a complete discussion of the evaluation of alternatives. 
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Even with the shoreline armor in place, the Hadley house is vulnerable to mass wasting, which could 
compromise the foundation or structural integrity of the house, or result in a more catastrophic slope 
failure potentially triggered by heavy precipitation or earthquakes.  

Table 1-6-1 shows the key design elements associated with the restoration. Annex 1 contains exhibits that 
depict the proposed restoration and quantity estimates for design elements. 

Table 1-6-1. Key Design Elements 

Civil Design 
Element  Description of Element Approx. 

Quantity 

Remove Shore Armor Remove bulkhead – Reinforced concrete approximately 9 SF 
in cross section 

348 LF 

Remove rock revetment – Large rock, 3- to 4-foot diameter. 
50 CY to be reused on site for tieback revetments, assumed 
to average 4 feet thick over an area of about 3,650 SF (no 
subsurface investigations were performed) 

535 CY 

Retain Shore Armor 
and Construct Return 
Tieback Revetments 

Retain one section of concrete bulkhead to protect base of 
bluff below the residence from toe erosion/instability 

288 LF 

Construct new return tieback revetments (15 LF ea) at north 
and south end of remaining bulkhead using rock from 
revetment removal listed above  

30 LF 

Restore Beach 
  

Perform rough grading of sediment impounded behind 
concrete bulkhead after removal to recreate a gently sloping 
upper beach, assumed typical cross sectional area of 30 SF 
(approx. 4 ft by 8 ft) over an alongshore length of 
approximately 135 LF 

160 CY 

Clear large woody debris from armor removal areas and 
redistribute along beach  

30 CY 

Mechanically remove Scot’s broom and Himalayan 
blackberry on lower bluff face  

2.0 AC 

1-6.1.1 Basis of design 
The existing shoreline armor restricts sediment supply to down-drift nearshore habitats and restricts the 
import and exchange of detritus. The proposed restoration entails removal of a portion of the armor. The 
restoration of this site is designed to restore ecosystem processes and reestablish natural 
geomorphological conditions. The civil design is based in part on historical conditions as evidenced by 
19th Century Coast Survey Topographic Sheets (Figure 1-6-1). In other words, post-restoration site 
conditions are intended to resemble or replicate the historical morphology to the extent feasible.  
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Figure 1-6-1. Historic Map (T-Sheet) and River History Project Data 

The proposed restoration entails removal of a portion of the armor. The toe of the armor infringes below 
Mean Higher High Water (+8.1 to 9.5 feet NAVD88; Mean Higher High Water = +9.2 feet NAVD88) 
except at the north end of the site. See Section 1-3.1 for a description of data sources used during 
conceptual design. A portion of the existing shoreline armor will be maintained waterward of the Hadley 
house to slow marine-induce erosion. Short return tieback revetments will need to be constructed at each 
end of the retained armor, using salvaged rock from the revetment sections that will be removed. Design 
of these tiebacks revetments will be performed during PED. 

Minor regrading of the impounded sediment, likely of local origin, would be conducted following armor 
removal to recreate a gently sloping upper beach. It is assumed that the upper beach topography and 
sediment grade and composition will naturally adapt to the historic configuration through exposure to 
wave energy within weeks, and that “deferred erosion” of the bluff toe will occur until a new dynamic 
equilibrium is established over a longer period. The new sediment input from the feeder bluff will benefit 
down-drift shores within approximately 4 miles from the site. 

To encourage the establishment of native vegetation, invasive species will be removed from the lower bluff 
face and several other locations on the bluff. No new large wood will be imported with restoration, but the 
existing drift logs atop the bulkheads that are to be removed will be temporarily stockpiled during 
construction, then placed back onto the uppermost beach in the latter stages of restoration. 

The primary design consideration is bluff stability following armor removal. A moderate amount of 
“deferred” bluff erosion is expected to occur shortly after removal (within 3 years) as the bluff toe is 
exposed to wave attack and the position of the shoreline migrates to a more natural contemporary 
position. It is likely that if all armor was removed, the Hadley house would be further at risk due to this 
deferred erosion.  

1-6.1.2 Constructability 
Construction activities occurring on the beach, such as armor removal and regrading, will take place via 
barge access due to the inherent challenge of accessing the site from the high-relief uplands. The 
reinforced concrete bulkheads will require demolition to facilitate removal. An excavator-mounted jack 
hammer should prove sufficient for this purpose, although saw cuts may be necessary. Once demolished, 
the bulkhead and rock would be loaded onto the barge for offsite disposal. The rock would likely be of 
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some value for salvage by a contractor. Potential borrow sources and disposal sites are discussed in 
Section 1-4.1.11.  

Following removal of the armor, sediment landward of the bulkheads would undergo minor rough 
grading to resemble adjacent unarmored beach elevations. Large woody debris found waterward or 
landward of armoring would be stockpiled during construction and placed in the backshore (Mean Higher 
High Water +1 or 2 feet) following grading. Invasive species removal would be conducted from land.  

See Section 1-10 for additional information on construction procedures and Section 1-20 for the 
anticipated schedule for construction.  

1-6.2 Real Estate 
Real estate assumptions, valuations, and planning documents have been appropriately scaled for the 
current level of design. As additional surveys, modeling, and design are completed during PED, the real 
estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, C, Real Estate Plan. 

1-6.3 Relocations  
No relocations of utilities or facilities are planned. (Not applicable.)  

1-7 STRUCTURAL REQUIREMENTS 
This section discusses the structural elements of the proposed restoration including preliminary design 
requirements and criteria for bridges or roads, a description of major structures and construction 
considerations, and recommended analyses. 

1-7.1 Functional Design Requirements and Technical Design Criteria  
No bridges or structures are planned as part of this restoration. (Not applicable.) 

1-7.2 Survey, Hydrologic, Hydraulic, and Geotechnical Data Used  
Not applicable.  

1-7.3 Site Selection Studies 
The site selection is summarized in Section 1-6. 

1-7.4 Major Structures 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

1-7.5 Describe Evaluation and Selection of Substructure Alternatives Based on 
Economy and Performance 

No bridges or structures are planned as part of this restoration. (Not applicable.) 

1-7.6 Construction Considerations 
No new bridges or structures are planned as part of this restoration. (Not applicable.) See Section 1-6 for 
construction considerations. 

1-7.7 Stability Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

See Section 1-4 for slope stability information.  
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1-7.8 Stress Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

1-7.9 Thermal Stress Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

1-7.10 Other Analyses 
The conceptual design has been based on traffic requirements, hydraulic analyses, and constructability 
considerations. 

1-7.11 Additional Studies, Tests, Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

Additional investigation and studies may be required for permitting or other site requirements unrelated 
to the infrastructure. See Section 1-21 for a complete list of recommended additional studies and 
investigations. 

1-8 ELECTRICAL AND MECHANICAL REQUIREMENTS 
Electrical and mechanical structure requirements are not applicable to this site.  

1-9 HAZARDOUS AND TOXIC MATERIALS 
This project proposes to partially remove the existing shoreline armoring material composed of both 
concrete bulkheads and rock revetments. There is no development on top of the feeder bluff which 
historically was active prior to the bulkheads being constructed.  

An Environmental Site Assessment Level I survey was completed by the project sponsor on 22 Feb 2011. 
The survey found that there were no indications of hazardous substances or other environmental 
problems on the property and that there were no obvious signs of any effects of such substances or 
problems. However, due to the presence of an old wooden stairway on the site, there is a remote 
possibility of discovering an older creosote bulkhead behind the current structure. If creosote timbers are 
discovered, they will be disposed of in an appropriate location. The report further recommended that if 
the Hadley property is incorporated into the project at a later date, additional surveys should be 
conducted for any soil and structures proposed for removal.  

A review of the Washington Department of Ecology Facility/Site (provides information on facilities 
and sites of environmental interest see figure below) and EPA EnviroFacts database was accessed on 
10 March 2014. The Midway Sewer District facility discharges into Puget Sound south of the site. None of 
these facilities are on the Ecology Confirmed and Suspected Contaminated Site List for King 
County (only lists sites that are undergoing cleanup or awaiting further investigation) nor the 
Hazardous Sites List (only lists sites that have been assessed and ranked - updated Feb 26, 
2014).No other sites were located near the project site. No listed sites are located within the project 
footprint. 
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1-10 CONSTRUCTION PROCEDURES AND WATER CONTROL 
PLAN 

The proposed restoration will involve earthwork and exposure of bare ground during armor removal and 
beach restoration. At this stage of design, it is assumed that standard best management practices will be 
implemented to control erosion and sedimentation and ensure construction areas are stabilized. A 
standard temporary erosion and sediment control plan will be developed during PED.  

Although the proposed restoration will require the use of a barge for construction activities, no in-water 
work will occur. The barge will be used to transport construction equipment and haul removed armor 
from the site, and work can be sequenced to avoid in-water work at high tide. 

Specific measures for construction procedures and water control will vary depending on the location and 
nature of the work. State and federal resource agencies will impose specific timing restrictions on in-water 
work to protect fish and wildlife. In addition, specific measures may be required under site-specific permit 
requirements and to protect downstream infrastructure or built environments. The erosion and water 
quality control plan will also need to consider and incorporate the findings of future analyses for 
hazardous and toxic materials at the site (as described in Section 1-9). A complete description of best 
management practices will be determined during PED. 

1-11 INITIAL RESERVOIR FILLING AND SURVEILLANCE PLAN 
The proposal is for ecosystem restoration. (Not applicable.) 

1-12 FLOOD EMERGENCY PLANS FOR AREAS DOWNSTREAM OF 
CORPS DAMS 

The proposal is for ecosystem restoration. (Not applicable.) 
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1-13 ENVIRONMENTAL OBJECTIVE AND REQUIREMENT 
All necessary information to develop designs, plans, and specifications and to execute construction and 
operations is included in the Project's supporting documents including the U.S. Fish and Wildlife Service 
report titled "Strategic Restoration Conceptual Design - Preliminary Environmental Contaminant, 
Cultural Resource, and Endangered Species Site Evaluations." The environmental information developed 
for the analysis in the Environmental Impact Statement provides additional environmental objectives and 
requirements for final site design development. As summarized in Section 1- 6, Civil Design, substantial 
environmental information was developed for the Feasibility Study regarding environmental problems, 
opportunities, and constraints such that the Corps could estimate costs of the restoration sites and 
prepare the Real Estate Plan.  

1-14 RESERVOIR CLEARING 
The proposal is for ecosystem restoration. (Not applicable.) 

1-15 OPERATION AND MAINTENANCE  
No change in annual operation and maintenance costs as a result of the proposed restoration are 
anticipated for the Beaconsfield site. 

1-15.1 33CFR Part 208 Projects 
The proposed site is not a flood control project to be maintained and operated according to regulations in 
33 CFR 208. (Not applicable.) 

1-15.2 Channel or Basin Clean Out Projects 
No channel or basin cleanout activities are proposed. (Not applicable.) 

1-15.3 Multiple-Purpose, Complex Projects with Power Production 
The proposal does not include power production. (Not applicable.) 

1-15.4 Frequency and Cost of Maintenance Dredging 
No maintenance dredging is proposed. (Not applicable.) 

1-16 ACCESS ROADS 
No access roads are anticipated. All construction activities taking place on the beach (armor removal and 
regrading) will be via barge access because the adjacent bluffs make the site inaccessible to large 
equipment.  

1-17 CORROSION MITIGATION 
This site will partially remove the existing shoreline armor. No new construction is proposed and 
corrosion mitigation is not applicable to this site.  
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1-18 PROJECT SECURITY 
The proposal is for ecosystem restoration. (Not applicable.) 

1-19 COST ESTIMATES 
The Beaconsfield cost estimate of $4,385,000 (1Q 2015 Dollars) consists of costs to restore a natural bluff 
that is currently armored.  Part of the partial option includes protecting an existing house in the area. 
Other minor work includes plantings, removal of invasive species, and placement of large woody debris.  

The largest cost driver is mobilization and demobilization from the site. The primary reason for the high 
cost of these elements is that all work must be based from barges as there is no landward access for this 
site.  Additionally, it was assumed that all material removed must be hauled by barge and disposed of off-
site.  The only other major cost driver is the primary task of demolishing the bulkhead.   

Following a formal cost and schedule risks analysis meeting held on July 16, 2012, a contingency of 54% 
was developed. The risk analysis was revisited by Cost Engineering in 2014.  Primary risks came from the 
uncertainty around the current level of design at the bulkhead removal and the high potential of finding 
culturally significant items at the site.  Demolition of the bulkhead is very uncertain with risks from 
unknown quantities, geotechnical unknowns, and the potential for landslides during removal.  Additional 
knowledge gained during subsequent project phases should focus on resolving the uncertainties in the 
existing bulkhead. 

There is an additional risk related to function: if the existing home above the bluff is not purchased prior 
to project start and the project is conducted, the partial removal of armoring may destabilize the 
remaining bank.  The simplest mitigation measure is to simply wait until property owners are willing to 
sell and conduct the project at a point later in the PSNERP life cycle. 

Opportunities for this particular site are minimal and stem primarily from the stated uncertainty about 
the existing bulkhead.  The PDT felt there was a possibility that costs could be lower if the work necessary 
to protect the Hadley House was less involved.   The only potential schedule reduction was that the due to 
uncertainty in bulkhead demo quantities, there could be time savings if these are found to be less than 
estimated. 

1-20 SCHEDULE FOR DESIGN AND CONSTRUCTION 
The proposed restoration at Beaconsfield is considered to have low complexity. Based on the low level of 
complexity, the anticipated design period for the site is approximately 2 years. This includes preparation 
of final design, plans and specifications, and the construction contract. 

The anticipated construction period for bulkhead and revetment removal is 2 weeks. Any in-water 
construction activities will take place during established work windows. The reinforced concrete 
bulkheads will need to be broken up to facilitate removal. Following removal of the armor, sediment 
landward of the bulkheads would undergo minor rough grading to resemble adjacent unarmored beach 
elevations.  

Property acquisition and permitting timelines are not included in this duration. The time required to 
complete these upfront activities is unknown, but is assumed to be relative to the length of the anticipated 
design period for the site described above.  

1-21 SPECIAL STUDIES 
Table 1-21-1 summarizes recommended studies and additional investigations to be conducted to support 
subsequent stages of design and implementation. . Unless otherwise noted, these studies are 
recommended to take place during PED. 
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Table 1-21-1. Special Studies Recommended for the Beaconsfield Site 

Type Basic Requirements  

Property 
Investigation/Survey 

• Compile more detailed information on parcel ownership and property 
boundaries to finalize the design, confirm acquisition requirements, 
and support negotiations with property owners. 

Topographic/Bathymetric 
Survey 

• Obtain more detailed topographic and bathymetric data to fill data 
gaps and finalize restoration design. 

• Use survey data to refine design of key project elements, develop 
detailed construction and demolition plans, and provide a baseline for 
pre- and post-construction monitoring and hydrodynamic modeling.  

Hydraulic and Coastal 
Engineering 
Analysis/Modeling 

• Conduct hydraulic and coastal engineering analyses to: 
o Determine the durations for storm surge and wind waves of 

different recurrence intervals. 
o Address potential physical damages that may occur in and around 

the project area during storm activity and evaluate the effects of 
leaving a portion of the existing shoreline protection in place. 

o Predict water levels and currents to assess ecological response to 
diurnal tidal fluctuations and evaluate the stability of large woody 
debris placed in the backshore following grading. 

o Design reclaimed revetment rock protection for the remaining 
portion of the bulkhead and the connection to the bluff in 
accordance with Corps guidance (ER-1110-2-1407). 

o Develop recommendations for monitoring the development of the 
beach profile, temporary sedimentation effects and the rate of 
bluff recession. 

• Review the location and depth of any groundwater wells in the area of 
potential hydraulic effect and assess the extent to which changes at 
the bluff will affect leach fields and septic systems. 

• Refine sea level projections using localized tide gauge data. 

• Formulate a monitoring plan, including any required field surveys or 
instrumentation that will be used to evaluate the project’s hydraulic 
performance. 

Sedimentation Analysis  

• Evaluate temporary and long term sedimentation seaward and down-
drift of the site resulting from the evolution of the beach face and bluff 
after construction. Assess the amount and potential areas of 
sedimentation.  
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Type Basic Requirements  

Geotechnical Investigation 

• Complete subsurface explorations, testing, and field reconnaissance. 
Reevaluate the subsurface exploration plan and coordinate with 
hazardous and toxic material investigations to include chemical 
sampling and testing. 

• Complete slope stability analysis (erosion and potentially seismic) 
and investigate the location and rate of bluff erosion, including any 
required site exploration. 

• Investigate the extent and composition of the shore armor, 
particularly for portions of structures that are below beach grade.  

• Determine the extent of bluff instability resulting from partial 
removal of shoreline protection, emphasizing the stability of the 
Hadley house; this needs to occur prior to and potentially during 
construction. 

• Complete geophysical investigations in congruence with subsurface 
explorations 

• Install instrumentation for short and long term monitoring 

Utility Survey • Obtain more detailed information on utilities to finalize the design 
and confirm acquisition requirements. 

Phase II Environmental Site 
Assessment 

• Perform a standard study to assess historic fills in the site and 
conduct soil sampling for contaminants. 

Cultural Resources 
Investigation  

• Complete surveys for archaeological and historic resources, 
particularly in areas proposed for excavation.  

Cost Study • Assess potential for cost and schedule reductions during refinement 
of restoration design. 

Environmental Permitting  • Complete documentation and applications for environmental permits 
with federal and state agencies. 

1-22 DATA MANAGEMENT 
Project documents, background materials, and digital files from the local sponsors were provided to the 
project team directly, through the State’s Habitat Work Schedule, or via the Nearshore Portal. The project 
team also used databases previously developed by and for the Puget Sound Nearshore Project including 
the Change Analysis and backing geospatial data (see Section 1-3.1.1 for additional detail). 

Work products for the conceptual restoration designs were developed primarily in GIS and typical word 
processor and spreadsheet applications. GIS products for all sites were collected in a single geodatabase 
that captured spatially referenced locations and sizes of major design elements.  

1-23 USE OF METRIC SYSTEM MEASUREMENTS 
This report uses United States customary units for design and construction measurements. To remain 
consistent with work conducted to date, the metric system of measurement was not used. 
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ANNEX 1: EXHIBITS 
This annex contains a set of site-specific exhibits prepared for the proposed restoration. The exhibits 
include the following:  

Exhibit A – Conceptual Design Plan 

Exhibit B – Conceptual Design Sections 

Exhibit C – Quantity Estimates 
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Restoration Quantity Estimate 
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Restoration Quantity Estimate 
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ANNEX 2: COST ESTIMATE DETAILS 
Cost estimate details include estimated costs, anticipated construction schedule, and risk register.  
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Print Date Wed 23 July 2014 
Eff. Data 6{3/2014 

Laber IDe NLS2012 EO ID: EP11R08 

U.S. Nmy Corps of Engineers 

ProJect ; Beaconsfield Feeder Bluff 
PSNERP Feasibility Report 

Beaconsfield F seder Bluff 
Beanonsfield Feeder Blt.Jff 

SELECTED ALTERNATIVE:Thie estimate is for the Partial Reetoretlon J'Jtematlve. 
BASIS OF COSTS: Mil English Costbook and associated libraries, vender pricing, and buill crews. 

SCOPE OF WORK; Final Feasibility Report 
ESTIMATE CLASS; Conceptual , Leve14 

Original Estlmat Jim Jetton PE. CCE (NWW) 
Revised Eslimale : Daniel Lowry. PE'. CCC (NWS) 

Estimated by 
Designed by 
Prepared by 

Preparation Date 
Effective Date of Pricing 

Estimated Construction Time 

NWS, Cost Engineering Section 
NWS, Design Bral'lch 
Daniel lowry, PE., ·ccc 

6/3/2014 
6/3/2014 
38 Days 

This report is not copyrighted, but the informalio!1 eo,lalned herein is For Official Use Only 

Currency in US dollars 

Time 08:55;84 

Title Page 

TRACES Mil Version 4 .2 
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Print Date Wed 23 July 2014 
Eff. Date 6/3/2014 

Designed by 

NWS, Design Branch 

Estimated by 

NWS, Cost Engineering Section 

Prepared by 

Daniel Lowry, PE. CCC 

Direct Costs 

LaborCost 

EQCost 

MaHCost 

SubBidCost 

U.S. Atmy Corps of Engineers Time 08:55:34 
Project : Beaconsfield Feeder Bluff 

PSNERP Feasibility Report library Properties Page i 

Coslbook CB12EB·b: Mil English Cost Book 2012-b 

Labor NLS2012: National Labor Library· Seattle 2012 

Design Document Final Feasibility Report 

Document Date 6/3/2014 

District Seattle District 

Contact John Dudgeon, Chief Cost Engineering 

Budget Year 2015 

UOM System Original 

Tlmellne/Currency 

Preparation Date 6/3/2014 

Escalation Date 6/3/2014 

Elf. Pricing Date 

Estimated Duration 

Currency 
Exchange Rate 

6/3/2014 

38 Day(s) 

US dollars 
1.000000 

w.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable. In a non-union job the whole fringes ane taxable. In a union job, the vacation pay fringes is It 
Labor Rates 

Nar l Labor 2010 

LaborCost2 

LaborCost3 

LaborCost4 

08 NORTHWEST 
Sales Tax 5.40 

Working Hours per Year 1,540 
Labor Adjustment Factor 1.05 

Cost of Money 2.50 

Cost of Money Discount 25.00 
Tire Recap Cost Factor 1.50 

Tire Recap Wear Factor 1.80 
Tire Repair Factor 0.15 

Equipmen t Cost Factor 1.00 
Standby Depreciation Factor 0.50 

Labor 10 : NLS2012 EQ 10 EP11R08 

Equipment EP11R08: Mil Equlpment201 1 Region 08 

Fuel 
Electricity 0.072 

Gas 3.670 
Diesel Off-Road 3.450 

Diesel On-Road 3.990 

Currency in US dollars 

Shipping Rates 
Over 0 CWT 28.32 

Over 240 CWT 26.60 

Over 300 CWT 24.23 

Over 400 CWT 22.06 

Over 500 CWT 11.26 

Over 700 CWT 9.51 

Over 800 CWT 6.48 

TRACES Mil Version 4.2 
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Print Date Wed 23 J uly 2014 

Eff. Data 613/2014 

Laber 10, NLS:!O'I2 EO ID: EP11ROS 

U.S. N my Carps of Eneil'laers 

ProJect ; Beaconsfield' Feeder Bluff 
PSNERP FaaslbliltY Report 

Currency in US dollar~ 

Time 08:55;34 

Ubrery Properties Page II 

TRACES Mil Version4 .2 
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Print Date Wed 23 July 2014 
Eff. Date 61312014 

Direct Cost Markups 

Productivity 

Overtime 

Standard 

Actual 

Day 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 

Sunday 

Sales Tax 

Mat/Cost 

Contractor Markups 

JOOH 

HOOH 

Profit 

Bond 

Excise Tax 

WAB&O 

Owner Markups 

Escalation 

Contingency 

SIOH 

StartDate 

Days/Week 
500 

500 

OTFactor 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

2.00 

Labor ID: NLS2012 EO ID: EP11 R08 

U.S. Army Corps of Engineers 
Project : Beaconsfield Feeder Bluff 

PSNERP Feasibility Report 

Category 
Productivity 

Overtime 

Hours/Shift 
8.00 

8.00 

TaxAdj 

Category 
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2-1 GENERAL – DEEPWATER SLOUGH  
2-1.1 Overview of Restoration Site 
The Deepwater Slough site is located in the Whidbey Subbasin of Puget Sound on the South Fork of the 
Skagit River. Deepwater Slough is just downstream and south of the town of Conway where the South 
Fork bifurcates into Freshwater Slough and Steamboat Slough as it drains to Skagit Bay. The nearby 
Milltown Island restoration site is located on the opposite side of the slough. The area consists of 
approximately 450 acres of public land located on two islands on either side of Deepwater Slough. For this 
report, the two islands are referred to as Deepwater West and Deepwater East. Prior to extensive diking, 
ditching, and filling for agricultural purposes in the late 1800s, the islands supported estuarine emergent 
marshes, tidal scrub-shrub wetlands, and forested-riverine habitats hydrologically connected to the Skagit 
River.  

The Deepwater Slough site was selected to address River Delta restoration objectives to protect and 
restore freshwater input and tidal processes where major river floodplains meet marine waters. Target 
ecosystem processes include: 

• Tidal flow 

• Freshwater input (including alluvial sediment delivery) 

• Erosion and accretion of sediments 

• Distributary channel migration 

• Tidal channel formation and maintenance 

• Detritus recruitment and retention 

• Exchange of aquatic organisms 

Deepwater Slough Phase 1, a restoration project completed in 2000, reconnected Deepwater Slough to the 
Skagit River by removing 2.8 miles of dike and restoring tidal and river hydrology to 221 acres in three 
areas of historic estuary (Hood, 2004) (Figure 2-1-1). Existing dikes were breached, but a new cross dike 
was built to enclose a smaller portion of the island for waterfowl management. This Washington 
Department of Fish and Wildlife-managed area is the site of the proposed restoration. This site provides 
an opportunity to restore the natural gradients of the delta that have been severely impacted by diking. 

Deepwater Slough Phase 2 involves the complete removal of dikes around each of the two islands to 
restore farmed and managed wetlands remaining after Phase 1. Dike removal would restore tidal action to 
diked areas and reconnect the historic distributary channel system on both sides of Deepwater Slough. 
However, it would result in changes to this public waterfowl hunting area in the Skagit Wildlife Area. A 
restoration alternative that included the excavation of interior channels to form a distributary tidal 
channel network was considered but was not selected during cost effective analysis. Details of the 
restoration design are provided in Section 2-6 and shown on the exhibits provided in Annex 1. Figure 2-1-
1 shows the Deepwater Slough site and vicinity.  
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Figure 2- 1-1. Deepwater Slough and Vicinity 

 

Strait of Juan de Fuca & 
PugetSound 



Engineering Appendix  Section 2 
Deepwater Slough   Page 3 

2-2 HYDROLOGY AND HYDRAULICS 
Deepwater Slough lies in the estuary of the South Fork of the Skagit River. The Skagit River drains a vast 
watershed of over 2,700 square miles and splits into North and South Fork distributary channels west of 
Mount Vernon, Washington. Average annual precipitation for this watershed is 101 inches per year. The 
site lies between two arms of the South Fork Skagit River – Freshwater and Steamboat Sloughs - and is 
bisected by Deepwater Slough. In addition to the flow from the Skagit watershed, over 43 square miles of 
local drainages also contribute to the flows at Deepwater Slough. Directly to the east of the site, across 
Steamboat Slough, Milltown Island is also a site for the Puget Sound Nearshore Ecosystem Restoration 
Project (PSNERP). Figure 2-2-1 shows a map of the watershed, including the South Fork of the Skagit 
River and the local drainages that affect Deepwater Slough. 

The entire Deepwater Slough site lies below the 100-year flood elevation. The two islands, Deepwater East 
and Deepwater West, are uninhabited and there are no roads or utilities leading to or crossing over the 
site. An existing 225-foot bridge (pedestrian bridge) located between the islands was installed during the 
Phase 1 restoration and is designed to be disassembled and removed before project completion. The intent 
of the project is to increase the frequency of both tidal flow and riverine flooding into the uninhabited 
project area for the purpose of habitat restoration. No new levees are planned for this site.  

 
Figure 2-2-1. Deepwater Slough – Skagit River Watershed  

The hydraulics and hydrology for all restoration sites in the Puget Sound Nearshore Ecosystem 
Restoration Project were evaluated using an area of potential hydraulic effects specific to the construction 
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requirements for each particular site. The limits of the area for this site were established using 100-year 
base flood elevations derived from a combination of Federal Emergency Management Agency (FEMA) 
Flood Insurance Rate Maps and Flood Insurance Studies as well as U.S. Army Corps of Engineers 
(USACE) base flood elevation determinations. 

According to the 100-year base flood elevation as determined by the FEMA flood insurance mapping for 
unincorporated areas of Skagit County, community 530151 (revised 1985), the entire site lies well within 
the 100-year floodplain and away from floodplain boundaries. Figure 2-2-2 shows the area of potential 
hydraulic effects for Deepwater Slough as identical with the restoration site boundaries. The nearby 
Milltown Island site is shown for information only. The base flood elevation varies between 17 feet 
(NAVD88) at the upstream limit of the site and 14 feet (NAVD88) downstream and depends primarily on 
flooding from the Skagit River.  

This delineation of the area of potential hydraulic effects assumes that the planned lowering and 
breaching of dikes will not substantially affect levees or infrastructure on adjacent properties because of 
the depth of inundation and the relatively low energy losses (energy gradients) in this area during 
flooding. During Project Engineering and Design (PED), the current hydrodynamic model of the Skagit 
River will be revised to reflect the changed geometry and to confirm the extent of hydraulic effects from 
the restoration. The limits of the area of potential hydraulic effects do not incorporate the potential for sea 
level change but this potential is discussed in Section 2-2.1.9. 

 
Figure 2-2-2. Deepwater Slough: Area of potential hydraulic effects.  

(The Milltown Island site is shown for information only.)  
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2-2.1 Functional Design Requirements 
This section describes the hydrologic and hydraulic setting for the site and the intended hydraulic 
consequences of the design features. 

2-2.1.1 Consequences of flows exceeding discharge capacity of the project 

The purpose of this site is to restore natural tidal flow and sediment transport to Deepwater Slough, 
allowing the evolution of a distributary channel system. No aspects of the site involve water control, so 
there is no design discharge capacity to be evaluated. (Not applicable.) 

2-2.1.2 Project-induced changes obligating mitigation 

Mitigation, in the context of this site, applies to compensation of local stakeholders for any loss of 
function or detrimental project-induced changes. The possible project-induced changes obligating 
mitigation, as identified at this stage of design, are summarized below: 

• Since the islands are currently used for waterfowl hunting, there is a potential for some loss of 
this recreational resource if the islands are no longer actively managed to promote waterfowl.  

• The breaching of dikes followed by the eventual development of distributary channels will 
allow increased tidal prism at the site. The work is likely to result in increased flows to the 
surrounding sloughs and redistribution of sediments impounded as result of diking and 
ditching. Any sediments mobilized as a result of dike lowering and removal may have 
temporary effects on the local ecology and consequent possible temporary effects on local 
fisheries. The amount and potential areas of flow changes and sedimentation will be 
addressed during PED. 

2-2.1.3 Discharge-frequency relationships 

The site is located between Freshwater Slough and Steamboat Slough. Both sloughs are branches of the 
South Fork Skagit River. The predictions for river discharge for the Skagit River are taken from USACE’s 
Skagit River Flood Risk Management Feasibility Study (2013). The study used weighted hydrographs 
taking into account the effects of seasonal variation in flood control storage at Ross and Upper Baker 
Dams. In addition, the study also considered coincident flood hydrographs from several tributary 
unregulated watersheds. The estimates for the Skagit River near Sedro-Woolley are shown in Table 2-2-1. 
Also shown are discharges from a FEMA Flood Insurance Study (FIS) compiled for Skagit County in 2009 
(FEMA, 2009). 

Table 2-2-1. Peak Discharge – Frequency predictions for Mainstem Skagit River at Sedro-
Woolley 

Method 
10-year 

(cfs) 

50-year 

(cfs) 

100-year 

(cfs) 

500-year 

(cfs) 

USACE (2013b) 133,000 197,400 235,700 325,400 

FEMA Draft FIS 
(2009) 123,610 183,780 215,270 322,900 

Discharge at the site will likely vary due to significant overbank flow and variability in flood flow routing 
near the junction of the North Fork and South Fork Skagit River. In the vicinity of Mount Vernon, flood 
flows above 160,000 cfs are distributed to the surrounding floodplain due to overtopping of levees and 
riverbanks.  Downstream of Mount Vernon, flow in the Skagit River splits into the North Fork and South 
Fork branches, distributing about 50 percent of the flow into each channel. In addition, planned flood 
protection measures currently under consideration for the Skagit River system, may affect both water 
surface levels and flood flow routing in the Skagit River Estuary. 
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2-2.1.4 0.2% chance of exceedance flood (500-year return interval flood) 

The area of potential hydraulic effect for Deepwater Slough is dominated by fluvial flows with some 
influence from coastal flooding. Since this site contains no critical infrastructure, the 500-year flood level 
will not be evaluated. (Not applicable.) 

2-2.1.5 Stage-discharge relationships 

Current stage-discharge relationships were computed for the South Fork Skagit River in the FEMA Flood 
Insurance Study (FEMA, 2009). Table 2-2-2 shows the computed elevations at the confluence of 
Freshwater Slough Spit, about 0.6 miles upstream of the site, and at the Fir Island Road bridge, about one 
mile upstream of the site. On the FEMA profiles, the 50-year, 100-year, and 500-year elevations were too 
similar to show separately. In order to forecast new stage-discharge relationships and effects on adjacent 
levees in the Skagit Delta, a revised hydraulic model will have to be implemented which reflects the 
proposed geometry of the site. This will be addressed during PED. The model will also incorporate the 
planned site work at the adjacent PSNERP site of Milltown Island and any future flood control measures 
implemented for the Skagit River system.   

Table 2-2-2. Stage-discharge relations as shown in FEMA  
Flood Insurance Study for Deepwater Slough (FEMA, 2009) 

Location 
10-yr Stage 

(feet 
NAVD88) 

50-yr Stage 
(feet 

NAVD88) 

100-yr Stage 
(feet 

NAVD88) 

500-yr Stage 
(feet 

NAVD88) 

Confluence of Freshwater 
Slough Spit 

15.0 17.1 17.1 17.1 

Fir Island Road 18.1 21.0 21.0 21.0 

2-2.1.6 Flow duration 

At present, it is not anticipated that a flow duration analysis will be required at the site. (Not applicable.) 

2-2.1.7 Flood inundation boundaries and flood stage hydrographs 

Figure 2-2-3 shows the 100-year flood inundation levels from the Skagit County FEMA Flood Insurance 
FIRM (FEMA, 1985). In order to forecast any changes in flooding pattern, a revised hydraulic model will 
have to be implemented which reflects the proposed geometry. This will be addressed during PED. The 
model will also incorporate the planned site work at the adjacent PSNERP site of Milltown Island and any 
future flood control measures implemented for the Skagit River system. 
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Figure 2-2-3. Current FEMA 100-year flood zone as adapted from Flood Insurance Rate 

Map (FIRM 530151 0425C) (FEMA, 1985) (Elevations in NGVD29; NAVD29 + 3.79 = NAVD 
88) 

2-2.1.8 Reservoir yields 

No reservoirs are planned as part of this site. (Not applicable.) 

2-2.1.9 Risk and uncertainty analysis for sizing of the project under study 

Channel sizing 

Required channel size parameters were determined using the methods presented in Applied 
Geomorphology Guidelines and Hierarchy of Openings (an attachment to this Engineering Appendix). 
Table 2-2-3 shows the marsh area which can be used to determine required channel size. Table 2-2-4 
shows that the top width of the channel at Mean Higher High Water (MHHW) should be approximately 
140 feet. The current plan calls for multiple 140-foot-wide breaches in the dikes which will allow full 
connectivity of the system. The maximum channel depth from Table 2-2-4 is 11 feet below MHHW. 
Current plans call for a channel depth of 12 feet which would allow for some infilling of the channels 
without impacting the performance of the restoration. Potential channel infilling and evolution of interior 
channels should be analyzed to determine long-term stability of the site. This will be addressed during 
PED. 
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Table 2-2-3. Inputs used to determine channel sizing 

Component Marsh Area (acres) 

Anticipated Marsh Area 250 

Table 2-2-4. Channel parameters for tidal flow and combined tide and river flow 

Parameter Marsh Area 

Max Channel Depth Below MHHW (feet) 11 

Channel Top Width at MHHW (feet) 140 

Channel Cross-Sectional Area at MHHW (SF) 900 

Sea Level Change  

Deepwater Slough is located in the Whidbey Sub-basin of Puget Sound. Sea level change calculations for 
the Whidbey Subbasin are based on the Seattle tide gauge and are calculated using the guidance underER 
1100-2-8162 Incorporating Sea Level Change in Civil Works Programs (USACE, 2013) .Table 2-2-5 shows 
the range of sea level change projections for the 50-year project life, indicating a maximum sea level 
change of 2.15 feet in 50 years. The largest risk associated with sea level change at this site is the 
displacement of habitat upstream, with freshwater habitat becoming intertidal habitat and intertidal 
habitat becoming subtidal habitat. Tidal marshes can adapt to sea level change by building elevation to 
keep pace with the rising water levels, but this requires an adequate supply of sediment and/or organic 
matter accumulation. Future studies should include a sedimentation analysis to determine what impact 
the restoration will have on sedimentation rates and if there is sufficient sediment accumulation to keep 
pace with the projected sea level change.  

Table 2-2-5. Projected Sea Level Change (feet) Seattle (Gauge 9447130) 

Year Low  (feet) Intermediate 
(feet) High (feet) 

2015 0 0 0 

2025 0.07 0.12 0.28 

2035 0.15 0.26 0.64 

2045 0.22 0.42 1.07 

2055 0.29 0.6 1.57 

2065 0.37 0.79 2.15 

2-2.1.10 Water quality conditions 

No water quality information has been reviewed for this site. The restoration is not anticipated to generate 
any long-term effects on surface water quality. Anticipated water quality effects are as follows: 

• Construction-related turbidity and suspension of sediments may occur due to dike lowering and 
breaching. At present, barge access from Freshwater Slough is considered as an option for dike 
lowering and breaching. Barge navigation and positioning may suspend or erode bottom 
sediments in the slough. Sediment control will have to be carefully considered in the construction 
planning. 
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• Temporary increases in sedimentation may occur downstream of the site because of the release of 
sediment during the formation of any new distributary channels. These effects, together with 
other sedimentation issues, will be evaluated during PED. 

• Dike breaching may increase salinity within the site due to the increased tidal prism. If needed, 
water quality sampling and analysis of water quality effects can take place during PED. 

2-2.1.11 Groundwater conditions 

No groundwater information has been reviewed for this site. No septic systems are known to be located 
within the restoration area. The lowering and breaching of dikes will allow an increased tidal prism within 
the site which may be accompanied by saltwater intrusion. Since the goal is to restore historic conditions, 
restoration of historic salinity patterns is presumed to be a desirable outcome. 

2-2.1.12 Preliminary project regulation plan 

No water control facilities are planned as part of this site. (Not applicable.) 

2-2.1.13 Preliminary real estate taking line elevations 

The current real estate limits are delineated by the construction area, staging areas, and access roads and 
include the entire potential area of hydraulic effects. Real estate assumptions, valuations, and planning 
documents have been appropriately scaled for the current level of design. As additional surveys, modeling, 
and design are completed during the PED phase, the real estate documentation will be modified 
accordingly. For the current real estate status, refer to the Feasibility Study, Appendix F, Real Estate Plan. 

2-2.1.14 Criteria for facility/utility relocations 

No utilities cross the site. (Not applicable.) 

2-2.1.15 Criteria for identification of flowage easements required for project function 

No flowage easements are anticipated for this site. This will be reviewed and confirmed during PED. 

2-2.1.16 Criteria in support of project OMRR&R requirements 

Monitoring needs associated with the hydraulic function of the site are as follows: 

• The evolution of distributary channels through the site should be monitored to confirm that they 
are developing as anticipated and that excessive channelization of existing drainage channels does 
not occur. 

• Areas adjacent and downstream of Deepwater Slough will require periodic monitoring to observe 
whether excessive erosion or sedimentation is occurring that affects either habitat or adjacent 
properties. 

• Salinity and pollutant monitoring should be carried out at the site to confirm no significant 
impacts to water quality. 

2-2.1.17 Environmental engineering considerations 

In the context of hydrology and hydraulics, environmental engineering is taken to mean water supply and 
sanitation. No water supply or sanitation systems exist within or cross the site. (Not applicable.) 

2-2.2 Residual Flooding Consequences – With Project Flooding 
This section discusses the predicted hydraulic conditions after construction of the proposed restoration. 
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2-2.2.1 Warning time of impending inundation 

There are no residences or infrastructure within the site. Aside from regional warnings for possible 
flooding, no warning system is planned. (Not applicable.) 

2-2.2.2 Rate of rise, duration, depth, and velocity of inundation 

Unsteady flow analysis or flood flow routing is unlikely to be required for this site. No analysis of rate of 
rise and flow duration is planned for flood flows. The depths and velocities at the dike breaches and in the 
tidal channel due to the combined effects of river flow and tidal prism will be evaluated during PED in 
order to design breach openings and assess flow effects in and around the site. 

2-2.2.3 Historic, 1% and 0.2% exceedance (100-year and 500-year) flood extents 

Dike lowering and breaching are not likely to significantly affect peak water levels, even for the estimated 
100‐year event. Flood elevations will be reviewed during PED and revised if necessary. 

2-2.2.4 Access and egress problems created by flooding 

There are no roads leading to or crossing the site, and the entire site lies below the 100-year flood 
elevation. In this sense, there would be no loss of access or egress during flood events. For smaller flood 
events, there may be loss of access to the bridge used for temporary construction access between the 
islands of Deepwater East and Deepwater West.  This bridge is planned to be removed from the site once 
the project is complete. 

2-2.2.5 Potential for loss of life as a result of 2-2.2.1 through 2-2.2.3 

The potential for loss of life as a result of the restoration is low. Areas within the site will be inundated 
more often for low return interval floods. However, the entire site lies within the 100-year floodplain and 
is not likely to be occupied by people during floods. 

2-2.2.6 Identification of any potential loss of public services 

There are no public services within the site. Since the islands are currently used for waterfowl hunting, 
there is a potential for some loss of this recreational resource if the islands are no longer actively managed 
to promote waterfowl. 

2-2.2.7 Potential physical damages 

Potential physical damages that can occur during flooding will be addressed by the hydraulic analyses 
conducted during PED. This will include an evaluation of erosion and sedimentation in the channels 
adjacent to the site and any cross-channel effects of dike breaching.  

2-2.3 Project Induced Flooding – Change from Pre-Project Conditions 
This section describes the effects of the site on flood elevations, flood patterns, and flood frequency. 

2-2.3.1 Information categories required by 2-2.2 

Flooding at Deepwater Slough is dominated by fluvial discharge from the Skagit River with some 
influence from coastal flooding and tides. Breaching and lowering of the dikes at the site is not anticipated 
to significantly affect peak water levels during 100-year floods. Water levels within the site during smaller 
flood events will be affected by the increased tidal prism and the availability of new inflow pathways to the 
site. The increased flow in the site is a goal of the restoration effort. 

2-2.3.2 Anticipated frequency of induced flooding 

Although the proposed work is expected to slightly alter the pattern of flooding in the adjacent sloughs, it 
is not expected to change the frequency of flooding in Deepwater, Freshwater, or Steamboat Slough. Areas 
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within the site will be inundated more often for lower return interval floods, which is one of the goals of 
the restoration effort. 

2-2.4 Inundation Risk 0.2% Exceedance (500-year Return Interval) Flood 
Work at the site is not anticipated to change the frequency of flooding, or to appreciably change the 500-
year flood elevations in Deepwater Slough. The principal risk for the 500-year flood in this area is due to 
sea level change(refer to Section 2-2.1.9). 

2-2.5 Hydraulic Studies  
This section discusses the hydraulic studies, construction considerations, and instrumentation and 
monitoring needs for the site. The anticipated hydraulic studies at this site are summarized in Section 2-
21. 

2-2.5.1 Hydraulic roughness determinations 

No hydraulic roughness determination is currently planned. If a hydraulic roughness determination is 
required to complete hydraulic analyses, then roughnesses will be determined using a combination of 
aerial photographs and field surveys during PED. 

2-2.5.2 Water surface profiles 

Current water surface profiles as reported in the FEMA Flood Insurance Study include the presence of the 
perimeter dikes on Deepwater West and Deepwater East Islands. In order to predict the with-project 
water surface profiles, a revised hydraulic model will have to be implemented which reflects the proposed 
geometry and the dike breaches. This will be addressed during PED. 

2-2.5.3 Stage-discharge relationships 

Current stage-discharge relationships as reported in the FEMA Flood Insurance Study include the 
presence of the perimeter dikes on Deepwater West and Deepwater East Islands. In order to predict the 
with-project water surface profiles, a revised hydraulic model will have to be implemented which reflects 
the proposed geometry and the dike breaches. This will be addressed during PED. 

2-2.5.4 Head loss 

Other than the head losses that will be incorporated into the revised hydraulic model, no additional head 
loss studies are planned. (Not applicable.) 

2-2.5.5 Flow and velocity 

Flow and velocity information from the revised hydraulic model will be used to assess the possibility for 
sedimentation, scour, and bank erosion in and around the site. 

2-2.5.6 Structural sizing needed to meet design capacity including slope protection 

The hydraulic analysis conducted during PED will include the sizing of dike breaches to improve the 
potential for adequate tidal interaction. It will also evaluate the need for slope protection along the 
shoreline and stabilization measures to prevent cross channel effects. 

2-2.5.7 Water control facilities 

No water control facilities are proposed. (Not applicable.) 

2-2.5.8 Energy dissipating facilities 

No energy dissipation facilities are proposed. (Not applicable.) 
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2-2.5.9 Erosion control requirements 

Construction 

Planning during PED will evaluate the best and most cost-effective methods for excavation of the dike 
breaches. Earthwork will likely be accomplished using land-based equipment, but some limited earthwork 
with water-based equipment may be needed to excavate an access channel to the site. This will be verified 
during PED. The need for channel dredging for barge access has not been evaluated and will take place, if 
needed, as construction plans are developed. Barge navigation and positioning have the potential to 
suspend or erode bottom sediments in the sloughs, so appropriate in-water sediment control measures 
will need to be used to minimize impacts. These may include excavating during extreme low tides, 
installing silt curtains, or possibly using a containment structure for work in the dry. Excavation of 
interior cross dikes on the islands should occur prior to dike breaching to minimize sediment impacts to 
the waterways. Temporary roadways adjacent to waterways need to be engineered to minimize sediment 
impacts. 

With Project 

No erosion control is currently anticipated outside of the construction boundaries since the goal of the 
project is to reestablish natural erosion and sedimentation processes. The hydraulic analysis conducted 
during PED will evaluate whether erosion control or slope protection is needed in areas within or adjacent 
to the site because of flow changes caused by the restoration. 

2-2.5.10 Existing and post-project sedimentation 

Although the entire Skagit River Estuary is an active accretionary environment, it is also very dynamic. 
The North and South Forks of the Skagit River have, in the past, carried different proportions of the 
sediment load and may continue to shift in their relative transport capacities. Distributary channels in the 
estuary may shift or avulse as part of natural sedimentation patterns. If conditions at Deepwater Slough 
remain as they are presently, the interiors of the diked slough islands will continue to subside from lack of 
new sediment inflows. The breaching and lowering of dikes and the consequent development of a 
distributary channel network will allow increased tidal prism and sediment inflows at the site. The work is 
also likely to result in increased flows to the surrounding sloughs and redistribution of sediments 
impounded as result of diking and ditching. The amount and potential areas of flow changes and 
sedimentation will be addressed during PED. 

2-2.5.11 Water control and order of work during construction 

Construction should be sequenced, with work on the interior marsh first and dike lowering and breaches 
last. For further considerations refer to Section 2-2.5.9. 

2-2.5.12 Criteria for facility/utility relocations 

No utilities cross the site. (Not applicable.) 

2-2.5.13 Other facilities to meet project goals 

No other facilities are required in order to meet project goals. (Not applicable.) 

2-2.5.14 Instrumentation and monitoring 

A combination of field surveys and aerial photographs will be used to document biological and physical 
changes to the landscape. Monitoring data can be used to refine adaptive management and corrective 
measures, as needed. Some of the key monitoring needs and opportunities are summarized in the 
Feasibility Study.  

2-2.6 Coastal Studies 
Deepwater Slough is located along the South Fork of the Skagit River, approximately 1 mile upstream of 
the delta shoreline, and is only subjected to wind waves caused by local winds. Measurements at the 
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nearby Whidbey Naval Air Station (Figure 2-2-4) show that the maximum wind speeds come from the 
southeasterly direction and rarely exceed 40 miles per hour. This could result in wave heights of 4 feet 
with a period of 4 seconds at the river delta shoreline; however, these waves would likely be attenuated by 
the time they reached the site. It is unlikely that wind waves are a significant forcing mechanism at this 
site. This site is chiefly dominated by diurnal tidal flows with periodic flooding from the South Fork Skagit 
River. The influence of wind wave activity, storm surge and wave setup will be evaluated during PED.  

 
Figure 2-2-4. Wind Rose for Whidbey Naval Air Station 

Plans formulated during the conceptual design phase for Deepwater Slough are based on a MHHW tidal 
datum of 8.84 feet (NAVD88). This datum is from the tide gauge at La Conner, Swinomish Slough (NOAA 
Gauge 9448558). Major tidal datums are summarized in Table 2-2-6. The final design tidal datums will be 
reviewed and established in PED. 

 

Table 2-2-6. Major tidal datums for Deepwater Slough, La Conner, Swinomish Slough 
(Station 9448558) 

Datum Description  
Water 

Level   (ft, 
NAVD88) 

Mean Higher-High Water (MHHW) 8.84 
Mean High Water (MHW) 7.92 

Mean Tide level (MTL) 4.55 
Mean Sea Level (MSL) 4.45 

National Geodetic Vertical Datum of 1929 (NGVD29) 3.79 
Mean Diurnal Tide Level (DTL) 3.67 
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Datum Description  
Water 

Level   (ft, 
NAVD88) 

Mean Low Water (MLW) 1.19 
North American Vertical Datum of 1988 (NAVD88) 0 

Mean Lower Low Water (MLLW) -1.51 

A summary table for the anticipated coastal studies at this site is presented in Section 2-21. 

2-2.6.1 Design of coastal shore protection projects (ER 1110-2-1407) 

This site does not include coastal shore protection. (Not applicable.) 

2-2.6.2 Effects on adjacent shores 

Downstream of the site, the shoreline transitions from tidal freshwater wetlands to estuarine wetlands 
and finally to a river delta shoreline. The restoration could alter both the salinity and sedimentation 
patterns around the river delta, potentially impacting areas outside the site boundary. The effects on 
adjacent shores will be evaluated during PED.  

2-2.7 Navigation Projects 
This site does not affect navigation. (Not applicable.) 

2-3 SURVEYING, MAPPING, AND OTHER GEOSPATIAL DATA 
REQUIREMENTS  

This section describes surveying, mapping, and other geospatial data information to support preparation 
of the Feasibility Study and the Real Estate Plan (Appendix F of Feasibility Study). A brief outline of 
additional surveying and mapping required for subsequent design, plans and specifications, construction, 
and operations is also included. 

2-3.1 Surveying, Mapping, and Other Geospatial Data Information Used 
Geospatial data for the Deepwater Slough site were obtained primarily from remote sensing applications. 
No site-specific topographic, bathymetric, property, or utility surveys were conducted during the 
conceptual design phase. LiDAR, aerial imagery, and other geospatial data were used to delineate 
topographic features, determine surface elevations, and to estimate areas, volumes, lengths, and other 
dimensions of key features using CAD and/or ArcGIS. High-resolution LiDAR was obtained from the 
Puget Sound LiDAR Consortium (2005 LiDAR; 3m grid; State Plane projection in NAD83 [horizontal 
datum] and NAVD88 [vertical datum]; available at 
http://pugetsoundlidar.ess.washington.edu/lidardata/index.html ). The Puget Sound Digital Elevation 
Model was used for combined bathymetry and topography of the Puget Sound lowland (Finlayson D.P., 
2005; University of Washington; State Plane projection in NAD83 [horizontal datum] and NAVD88 
[vertical datum]; available at http://www.ocean.washington.edu/data/pugetsound). Recent aerial 
photography (Aerials Express, 5/15/2009, 0.3m resolution, 2.45 m accuracy) was evaluated to determine 
recent site conditions. The conversion from Mean Lower Low Water (MLLW) to North American Vertical 
Datum (NAVD88) and to the NGVD29 datum was derived from the LaConner tide gauge (# 9448558).  

Information on land ownership was derived from the Washington Public Lands Database. Additional 
parcel data, including parcel boundaries, were obtained from the Skagit County assessors’ office (2010). 
Information on utilities, existing roadway geometry, and other site features was generally scaled off of 
aerial photographs because as-built drawings were not available. A site reconnaissance was performed in 
September 2010.  

http://pugetsoundlidar.ess.washington.edu/lidardata/index.html
http://www.ocean.washington.edu/data/pugetsound
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Designers consulted the Nearshore Geodatabase for additional site context. The Nearshore Geodatabase is 
available from the Washington State Geospatial Data Archive at: 
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP. Metadata are provided in the 
Geospatial Methodology Used in the PSNERP Comprehensive Change Analysis of Puget Sound (Anchor 
QEA et al., 2009) (see Annex B). The geodatabase includes numerous datasets listed below: 

• Shoreline • Overwater structures 

• Bathymetry • Marinas 

• Digital Elevation Model (DEM) • Armoring 

• LiDAR (terrestrial) • Breakwaters/jetties 

• Oblique aerial imagery (from the Washington 
Coastal Atlas) 

• Groins 

• Hydrographic sheets  • Dikes 

• Geology • Dams 

• Slope stability • Nearshore fill 

• Drift cells (net shore-drift) • Roads 

• Streams • Railroads 

• Impervious surfaces • Land cover 

Designers also consulted the University of Washington Puget Sound River History Project 19th Century 
Coast Survey Topographic Sheets (2009) for information on historical geomorphic conditions. Conceptual 
designs were intended to replicate historical conditions and remove stressors to nearshore processes to 
the extent practicable and feasible. As a result, these datasets informed the selection of restoration 
strategies and features. Designers created additional GIS data layers (point files, line files, and polygon 
files) to represent civil design features, such as areas of lowland excavation, to be depicted on the plan 
view drawings. Designers also created simple line drawings in CAD to represent typical sections and 
estimate quantity take-offs but did not do any surface modeling.  

2-3.1.1 Additional survey and mapping required 

Substantial additional information will be required at the preliminary and later design stages to refine the 
design assumptions, confirm real estate requirements, and develop plans and specifications. Additional 
survey, mapping, and other geospatial data needs include the following: 

• Property/Utility Survey – May not be required since the site is owned by WDFW with no utilities.  

• Topographic/Bathymetric Survey – The conceptual design was based on LiDAR and aerial 
photos, which have inherent inaccuracies. Site-specific topographic and bathymetric survey data 
will be needed to refine design of key elements, confirm that target elevations are appropriate for 
the desired ecosystem components (low marsh, etc.), and develop detailed construction and 
demolition plans. Survey data could also be used as a baseline for pre- and post-construction 
modeling, including hydrodynamic modeling. A temporary tide gauge may be required in the 
early design stages to obtain site-specific tidal statistics.  

2-3.1.2 Timeline for incorporation of new mapping or other geospatial data 

Planning, design, and implementation are expected to take several years. The site-specific surveys 
identified above are standard components of the design process and should be completed in the early 
stages of PED to ensure that the design work proceeds efficiently. Incorporating these data into the design 
process is not expected to delay the restoration. 

http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP
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2-4 GEOTECHNICAL  
This section describes the geologic setting of the site, previous and recommended studies, and proposed 
geotechnical explorations relevant to design features. 

2-4.1 Geotechnical Information 

2-4.1.1 Regional and Site Geology 

Regional geologic mapping from the U.S. Geological Survey (USGS) indicates the site is composed of 
marsh deposits (Qm) and Skagit River alluvium (Qas) from the Holocene age (2004 Geologic Map of the 
Utsalady and Conway 7. minute Quadrangles, Skagit, Snohomish, and Island Counties, Washington). The 
marsh deposits are commonly olive gray silt and silty clay with lenses and layers of peat, other organic 
material, and ash. The Skagit River alluvium consists of flood overbank deposits of grayish brown to gray 
sand, fine sandy silt, silt, and silty clay with minor peat. The geologic map is shown in Figure 2-4-1. 

The South Fork of the Skagit River was glaciated during the Vashon ice event about 15,000 years ago. 
Once the glacier retreated, the river built a broad alluvial plain. Icewater melt and flooding helped to 
deposit sediments in the forming delta and estuary. After the retreat of the glacier, the surface geology has 
been under the influence of both tidal action and flooding by the river. The Deepwater Slough area has 
been formed where the river has deposited soil during a number of flooding events.  

 
Figure 2-4-1. Geologic Map of Deepwater Slough 

Near-surface soils mapped in the Soil Survey of Skagit County, Washington, consist of Tacoma silt loam, 
Skagit silt loam, and Briscot fine sandy loam (NRCS, 2012). Tacoma silt loam is observed in deltas and is 
described as sand and silt deriving from alluvium and volcanic ash with lenses of unspecified organic 
material. Skagit silt loam is observed in floodplains and deltas and is described as silt and fine sand 
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deriving from alluvium and volcanic ash. Briscot fine sandy loam is observed in floodplains and is 
described as fine sand and silt deriving from alluvium. 

According to the Washington State Department of Ecology (Ecology) website, two borings were conducted 
on Deepwater Islands in August 1999 (Ecology, 2012). The borings were drilled to depths of 70 and 105 
feet with groundwater observed at depths of 15 and 11 feet, respectively. Both logs recorded sand from the 
surface to 44 feet, silty sand from 44 to 59 feet, and silt from 59 feet to bottom of hole. 

In 1998 explorations were conducted for Deepwater Slough Phase 1 using hand augers ranging from 1 to 4 
feet in depth (USACE, 1998). The typical soil profile consisted of loose, brown, poorly graded sand with 
silt in the top 2 feet, and loose, brown, clayey sand from 2 to 4 feet deep. 

2-4.1.2 Completed explorations 

At this time no subsurface explorations have been completed for Deepwater Slough Phase 2. All 
subsurface information is based on explorations from Phase 1, soil surveys, geologic mapping, and 
available logs from Ecology. See Section 2-4.3 for the proposed subsurface exploration plan. 

2-4.1.3 Selection of preliminary design parameters 

Based upon research of the soils and geology in the vicinity, subsurface soils are likely to consist mostly of 
silt, clay, and sand. The restoration includes breaching existing dikes. Therefore, no preliminary design 
parameters have been developed for this report.  

2-4.1.4 Geophysical investigations 

No geophysical investigations have been conducted or are recommended. (Not applicable.) 

2-4.1.5 Groundwater studies 

No groundwater studies have been conducted. Groundwater elevation depends on flows from the Skagit 
River and the water surface elevation of Puget Sound.  

2-4.1.6 Recommended instrumentation 

No instrumentation is recommended. (Not applicable.) 

2-4.1.7 Earthquake studies  

No earthquake studies have been conducted or are recommended. There are no proposed structures or 
features requiring seismic design. (Not applicable.) 

2-4.1.8 Preliminary engineering analysis 

No foundation design or slope stability analysis is required. The scope does not include any existing or 
proposed structures. The dike will be breached in several locations and is not intended to offer flood 
protection; therefore, the embankment stability of the dike is not a concern. (Not applicable.)  

2-4.1.9 Excavatability analysis 

Excavation and breaching of dikes will likely be accomplished with excavators and bulldozers. Current 
assumptions are that the dikes are constructed from marsh deposits found in the borrow ditches adjacent 
to the levees as seen in aerial photographs. Marsh deposits are mainly clay, silt, and sand. There is no 
known armor protecting the dike, and therefore no riprap is expected to be excavated. Midsize excavators 
and bulldozers should be sufficient to perform the necessary excavations and sidecast the material. No 
bedrock or boulders are anticipated and no blasting should be required.  
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2-4.1.10 Anticipated construction techniques and limitations 

The site is located on two islands, Deepwater West and Deepwater East. The islands are not accessible by 
land; however, they are currently connected to each other by a bridge that is slated to be removed at 
project completion. Equipment will likely be brought onsite by barge. Track-mounted bulldozers, 
excavators, and front-end loaders will likely be used to lower interior and exterior dikes and sidecast 
material. Excavators will be used to breach the dikes. Excavation of the dike breach should be scheduled 
to coincide with periods of low water. Additional breaching methods may be considered during PED.  

See Section 2-6 for additional construction notes. 

2-4.1.11 Potential borrow sources and disposal sites 

No borrow is anticipated. All disposed soil will be sidecast onsite near the existing dikes. (Not applicable.) 

2-4.1.12 Potential sources of concrete and materials 

The procurement of concrete or materials is not anticipated. (Not applicable.) 

2-4.1.13 Suitability of concrete and materials 

If concrete and additional materials are required, their suitability will be evaluated at later stages of 
design or during construction. 

2-4.2 Additional Studies and Analysis 
Additional studies and analysis to be completed during PED or subsequent phases of design include the 
following at a minimum: 

• Geotechnical investigation including subsurface explorations, testing, and field reconnaissance 

• Dike breach methodology 

• Evaluation suitability and strength of existing pedestrian bridge for equipment use during 
construction. 

2-4.3 Additional Explorations and Testing 
The proposed subsurface exploration plan consists of using hand equipment to explore the site, classify 
the material, and obtain basic soil properties. Hand augers are recommended in the proposed dike breach 
locations. At least one hand auger hole should be conducted in each dike breach location. The auger holes 
are not expected to exceed a depth of 10 feet. The subsurface exploration plan will be reevaluated and 
coordinated with hazardous and toxic material investigations during PED to include chemical sampling 
and testing. See Section 2-9. 

2-4.4 Laboratory-testing Program and Evaluations 
No laboratory testing or evaluation of materials has been completed at this time.  

2-5 ENVIRONMENTAL ENGINEERING 
This section describes environmental engineering factors relevant to the proposed design features. 

2-5.1 Use of Environmentally Renewable Materials 
At the conceptual design stage, use of environmentally renewable materials is not planned. However, if 
renewable materials are available they could be incorporated into the design. Specific details will be 
developed during subsequent design stages. 
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2-5.2 Design of Positive Environmental Attributes into the Project 
The Deepwater Slough site was selected to address River Delta restoration objectives to protect and 
restore freshwater input and tidal processes where major river floodplains meet marine waters. 
Deepwater Slough Phase 2 involves the lowering of dikes around each of the two islands to restore 
freshwater input and tidal processes. Breaching and lowering of dikes to suitable elevations is intended to 
restore combined tidal/freshwater (low salinity) hydrology to support channel formation and the 
development of a scrub-shrub wetland community similar to historic conditions.  

2-5.3 Inclusion of Environmentally Beneficial Operations and Management for 
the Project 

Design and construction will incorporate sustainable and ISO 14000 compliant practices. The U.S. Army 
Corps of Engineers (USACE) Environmental Operating Principles (EOPs) are designed to provide 
direction on achieving better stewardship of air, water, and land resources while showing the connection 
between managing those resources and protecting environmental health. The EOPs are to ensure that 
USACE actions consider the environment and are sustainable now and in the future. 

2-5.4 Beneficial Uses of Spoil or Other Project Refuse During Construction and 
Operation 

Beneficial uses of spoil or other refuse are possible. Phase 2 emphasizes the use of material generated by 
dike lowering and channel excavation to create low berms in the forested wetland elevation range to 
increase the survival of the riparian forest in the subsided areas. Excavated material from all interior 
channels would be sidecast adjacent to the channels to create low discontinuous berms at elevations 
suitable to support a riparian woodland corridor. If spoils or other refuse materials are available for reuse, 
they could be incorporated into the design. Specific details will be developed during subsequent design 
stages.  

2-5.5 Energy Savings Features of the Design 
At the conceptual design stage, energy savings features have not been incorporated. In accordance with 
the EOPs, energy savings features will be a component of the design to the maximum extent practicable. 

2-5.6 Maintenance of the Ecological Continuity in the Project with the 
Surrounding Area and Within the Region 

The restoration will increase ecological continuity within the site and with the surrounding area. This is 
one of several sites designed to restore the productivity and increase interconnectivity of the Puget Sound 
ecosystem. 

2-5.7 Consideration of Indirect Environmental Costs and Benefits 
Indirect environmental costs and benefits will be evaluated during environmental assessments developed 
for each project at a later date. 

2-5.8 Integration of Environmental Sensitivity into All Aspects of the Project 
Construction will be conducted to ensure no deleterious impacts to the ecosystem will occur over the long 
term. Best management practices will be incorporated into the contract documents. Most management 
practices will cover erosion and sediment control, stormwater management, spill response and hazardous 
material management, trash and debris management, air emissions from construction vehicles, and noise 
standards. 
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2-5.9 The Perusal of the Environmental Review Guide for Operations (ERGO) 
with Respect to Environmental Problems That Have Become Evident at 
Similar Existing Projects and, Through Foresight During This Design 
Stage, Have Been Mitigated/Addressed in the Project Design 

This is not a USACE operating facility. (Not applicable.) 

2-5.10 Incorporation of Environmental Compliance Measures into the 
Project Design 

All applicable laws and regulations will be followed during design and construction in accordance with the 
USACE contract documentation.  

2-6 CIVIL DESIGN  
This section discusses the key elements of the civil design including the selection of the site and evaluation 
of alternative layouts, alignments, and components.  

2-6.1 Site Selection and Project Development 
Restoration efforts in the Deepwater Slough area began in 2000. Phase 1 restored flow to the Deepwater 
Slough distributary channel by removing 2.8 miles of dike. Phase 2 (the proposed restoration) represents 
an opportunity to remove the remaining tidal barriers and their associated drainage ditches and restore 
hydrological connections throughout both islands. Breaching and lowering of dikes to suitable elevations 
is intended to restore combined tidal/freshwater (low salinity) hydrology to support channel formation 
and scrub-shrub wetland community development. The restoration is expected to provide a range of delta 
ecosystem components based on elevation and tidal regime, including tidal fresh and oligohaline 
transition swamp, salt marsh, tide flat, subtidal flat, distributary channel, tidal channel, and riparian 
forest. Given the subsided nature of the site, the habitats restored will be toward the lower elevation tidal 
estuarine marsh and associated channels. Riparian forest will be difficult to reestablish except on existing 
higher topographic areas. The restoration therefore emphasizes the use of material generated by dike 
lowering to create low berms in the forested wetland elevation range. Distributary and tidal channels will 
not be excavated in the site, and this restoration assumes that natural tidal and flood processes will scour 
channels over time. 

This restoration site was selected because, together with Phase 1, the Deepwater Slough islands would be 
internally connected through a network of shifting distributaries that allow for the unconstrained 
movement of organisms, water, and sediments. The proposed restoration would result in changes to 
existing walk-in waterfowl hunting opportunities. A restoration alternative that proposed excavation of 
distributary channels and an interior tidal channel network was considered but was not selected during 
cost effective analysis. The alternative selection process is documented in Chapters 4 and 5 of the 
feasibility report.   

Table 2-6-1 summarizes the key design elements associated with the proposed restoration. Annex 1 
contains exhibits that depict the proposed restoration and quantity estimates for design elements. 

Table 2- 6-1. Key Design Elements 

Item Description of Item Approx. 
Quantity 

Lower Existing 
Dikes (External and 
Internal) 

Lower 9,349 LF of dike on Deepwater West to support 
riparian woodland corridor  
Lower 9,785 LF of dike on Deepwater East to support 

124,000 CY 
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Item Description of Item Approx. 
Quantity 

 riparian woodland corridor  
Lower 2,146 LF of cross dike in Deepwater West and use 
material to fill adjacent borrow ditches 
All dikes lowered to between 9 to 12 (NAVD88) 

Construct New 
Breaches  

Breach lowered dikes in 10 locations to connect the site to to 
Freshwater, Deepwater, and Steamboat Sloughs 
Sidecast excavated material into an adjacent borrow ditch 
and use to widen the forested wetland 

62,500 CY (typ.) 

Remove Bridge 
Between Islands 

Remove temporary bridge between Deepwater West and 
Deepwater East; approximately 225 feet long by 15 feet wide. 
The bridge is to be salvaged and used elsewhere off site. 

3,375 SF 

2-6.1.1 Basis of Design 

The existing external and internal cross dikes inhibit tidal and river hydrology to the Deepwater West and 
Deepwater East islands. The proposed restoration would lower all the exterior dikes in Deepwater West 
and remove the internal cross dike that was constructed as part of Phase 1 to enclose a portion of the 
island for waterfowl management. The civil design is based in part on historical conditions as evidenced 
by 19th Century Coast Survey Topographic Sheets (Figure 2-6-1). Post-restoration site conditions are 
intended to resemble or replicate the historical morphology to the extent feasible.  

 
Figure 2-6-1. Historic Map (T-Sheet) and River History Project Data 

In Deepwater East, the dike along the western side, adjacent to Deepwater Slough, would be lowered. The 
dike adjacent to Steamboat Slough would be left in place to avoid disturbing mature forested wetland 
habitat along the banks. Lowering the dike would increase the frequency of inundation during flood 
events and allow the establishment of forested wetland. The dikes would be lowered to between 9 to 12 
feet (NAVD88) based upon the elevation range of forested wetland observed in the Skagit delta (PWA, 
2002) (see Section 2-3.1 for a description of data sources used during conceptual design). The dikes would 
not be lowered to grade because the inside of the islands subsided following dike construction. The cross 
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dike in Deepwater West would be lowered to the same elevations. Material generated from dike lowering 
would be sidecast into an adjacent borrow ditch and used to widen the forested wetland. It is assumed the 
dikes were originally constructed from onsite materials. 

After dike lowering, 10 breaches would be excavated through the lowered dikes; four in Deepwater West 
and six in Deepwater East. The breaches would be approximately 140 feet wide and 12 feet deep, with an 
additional 100 feet of dike on either side of the breach lowered further to existing grade to allow increased 
flows through the site during higher tides. The breaches would be excavated to accelerate the evolution of 
a channel network composed of distributary and blind channels within the site. See Section 2.2.1.9 
regarding channel sizing.   The conceptual design did not take into account the degree of subsidence, 
which has been substantial at the Deepwater site due to the history of diking. Accounting for subsidence 
would increase the size of the equivalent tidal prism as well as the channel dimensions. Both the area of 
tidal marsh and breach excavations will be further evaluated during PED.  

The bridge between the two islands crossing Deepwater Slough, constructed as part of Phase 1, would be 
removed following the completion of the dike lowering. Access between the islands would no longer be 
required following restoration of tidal inundation. The bridge is designed to be disassembled, and the 
intent of Phase 1 was that it would be removed and reused elsewhere off site at the completion of Phase 2. 

2-6.1.2 Constructability 

Construction would have to be sequenced with interior marsh work first, dike lowering and breaching last. 

Barge equipment access is possible from the west along Freshwater Slough. Barge access may be 
considered for perimeter dike lowering and dike breaches, depending on whether all material can be 
sidecast in an adjacent area. The existing pedestrian bridge connecting the islands would need to be 
inspected prior to use by heavy construction equipment. Truck access within the site may require 
temporary access roads to stockpile or to fill sections of existing drainage channels, but will most likely be 
limited to access along existing dikes. 

Internal dikes may be lowered with upland equipment; however, placement of fill within the existing 
drainage ditches would require work with track-mounted excavators, bulldozers, and/or front-end 
loaders. The existing dikes adjacent to Freshwater Slough and Deepwater Slough may be lowered 
primarily with upland equipment, provided this work occurs during the dry season. Breaches would 
require work with excavators. Final dike lowering and breaching should be coordinated and include a plan 
for access as tidal waters enter the site. 

See Section 2-10 for additional information on construction procedures and Section 2-20 for the 
anticipated schedule for construction.  

2-6.2 Real Estate 
Real estate assumptions, valuations, and planning documents have been appropriately scaled for the 
current level of design. As additional surveys, modeling, and design are completed during PED, the real 
estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, Appendix F, Real Estate Plan. 

2-6.3 Relocations 

Utility or facility relocations are not applicable to this site.  

2-7 STRUCTURAL REQUIREMENTS 
This section discusses the structural elements of the proposed restoration including preliminary design 
requirements and criteria for bridges or roads, a description of major structures and construction 
considerations, and recommended analyses. 
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2-7.1 Functional Design Requirements and Technical Design Criteria  
No new bridges or structures are planned as part of this restoration. (Not applicable.) 

2-7.2 Survey, Hydrologic, Hydraulic, and Geotechnical Data Used  
No new bridges or structures are planned as part of this restoration. (Not applicable.) 

2-7.3 Site Selection Studies 
The site selection is summarized in Section 2-6. 

2-7.4 Major Structures 
No new bridges or structures are planned as part of this restoration. (Not applicable.) 

2-7.5 Describe Evaluation and Selection of Substructure Alternatives Based on 
Economy and Performance 

No bridges or structures are planned as part of this restoration. (Not applicable.) 

2-7.6 Construction Considerations 
No new bridges or structures are planned as part of this restoration. However, the existing 225-foot 
pedestrian bridge located between the islands was designed to be disassembled and removed in one piece. 
The intent of Phase 1 of the restoration which began in the year 2000 was that the bridge would be 
removed and reused elsewhere off site. Removal and relocation of this bridge will be addressed during 
PED. If the existing bridge is to be used for construction of this site the structural integrity of the bridge 
and potential requirements for its modifications will be evaluated during PED See Section 2-6 for other 
construction considerations.  

2-7.7 Stability Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

2-7.8 Stress Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

2-7.9 Thermal Stress Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

2-7.10 Other Analyses 
Not applicable. 

2-7.11 Additional Studies, Tests, Analyses 
Additional investigation and studies may be needed for permitting or other site requirements unrelated to 
the infrastructure. See Section 2-21 for a complete list of recommended additional studies and 
investigations. 
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2-8 ELECTRICAL AND MECHANICAL REQUIREMENTS 
Electrical and mechanical structure requirements are not applicable to this site.  

2-9 HAZARDOUS AND TOXIC MATERIALS  
An Environmental Site Assessment Level I survey was completed by the project sponsor on 16 
Feb 2011 by the U.S. Fish & Wildlife Service . The Phase I site visit did not report any current 
uses that might indicate potential hazardous substances or other environmental problems. The 
site historically was used for agricultural and grazing. There has been one historic dump site 
located on the property and there might be other historic farming related dump sites on the 
property. Common chemicals associated with agricultural usages include pesticides and 
herbicides some persistent. There is the potential for lead shot to be present in the project site 
from waterfowl hunting on the site. The Phase I survey recommended that a Phase II survey be 
conducted to resolve the potential for lead shot from hunting to be present at levels above 
established criteria. 

A review of the Washington Department of Ecology Facility/Site (provides information on 
facilities and sites of environmental interest see figure below) and EPA EnviroFacts database 
was accessed on 5 March 2014. A facility which has been given a site ID may be associated with a 
permitted generator, stormwater discharge permit, or storage facility etc. ID numbers are not necessarily 
limited to those sites where a release occurred. If a release occurred and is under investigation, there is a 
possibility that the facility may be further investigated and then listed on the Confirmed and Suspected 
Contaminated site list or the Hazardous Sites list. 
There is a licensed dairy just upstream and due north of the project site (Clam Bar dairy). The M 
Johnson property is listed as a state cleanup site and is located east of Pioneer Highway. None of 
these facilities are on the Ecology Confirmed and Suspected Contaminated Site List for Skagit 
County (only lists sites that are undergoing cleanup or awaiting further investigation) nor the 
Hazardous Sites List (only lists sites that have been assessed and ranked - updated Feb 26, 2014). 
No other sites were located near the project site. No listed sites are located within the project 
footprint. 
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2-10 CONSTRUCTION PROCEDURES AND WATER CONTROL 
PLAN  

The proposed restoration will involve earthwork and exposure of bare ground during lowering and 
breaching of dikes, excavation of channels, and bridge removal. At this stage of design, it is assumed that 
standard best management practices will be implemented to control erosion and sedimentation and 
ensure construction areas are stabilized as needed to prevent adverse impacts. A standard temporary 
erosion and sediment control plan will be developed during PED.  

The proposed restoration will not require in-water work during channel creation or bridge relocation and 
abutment removal. The existing bridge spans the waterway and the abutments are not in the water. For 
channel creation, work can be sequenced to avoid in-water work. Channel excavation will take place prior 
to breaching of the dikes to reduce the likelihood of releasing sediments into downstream waters. 
Standard soil cover and stabilization practices will be implemented to stabilize the channels prior to 
introduction of water.  

The conceptual design did not address the relocation of the existing pedestrian bridge. Subsequent design 
shall address measures needed for installation of new bridge abutments and foundations for use during 
the construction phase. The bridge will be removed from the site by the time of completion of 
construction. The appropriate best management practices for erosion control and in-water work, should 
the selection of the site require that, will be addressed at that time. 

Specific measures for construction procedures and water control will vary depending on the location and 
nature of the work associated with each site. State and federal resource agencies will impose specific 
timing restrictions on in-water work to protect fish and wildlife. In addition, specific measures may be 
required under site-specific permit requirements and to protect downstream infrastructure or built 
environments. The erosion and water quality control plan will also need to consider and incorporate the 
findings of future analyses for hazardous and toxic materials at the site (as described in Section 2-9). A 
complete description of best management practices will be determined during PED. 
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2-11 INITIAL RESERVOIR FILLING AND SURVEILLANCE PLAN 
The proposal is for ecosystem restoration. (Not applicable.) 

2-12 FLOOD EMERGENCY PLANS FOR AREAS DOWNSTREAM OF 
CORPS DAMS 

The proposal is for ecosystem restoration. (Not applicable.) 

2-13 ENVIRONMENTAL OBJECTIVE AND REQUIREMENTS  
All necessary information to develop designs, plans, and specifications, and to execute construction and 
operations is included in the Project's supporting documents including the U.S. Fish and Wildlife Service 
report titled "Strategic Restoration Conceptual Design - Preliminary Environmental Contaminant, 
Cultural Resource, and Endangered Species Site Evaluations." The environmental information developed 
for the analysis in the Environmental Impact Statement provides additional environmental objectives and 
requirements for final site design development. As summarized in Section 2- 6, Civil Design, substantial 
environmental information was developed for the Feasibility Study regarding environmental problems, 
opportunities, and constraints such that the Corps could estimate costs of the restoration sites and 
prepare the Real Estate Plan.. 

2-14 RESERVOIR CLEARING 
The proposal is for ecosystem restoration. (Not applicable.) 

2-15 OPERATION AND MAINTENANCE (O&M) 
Operations and maintenance costs for the Deepwater Slough restoration are related to modifying existing 
infrastructure such as lowering and removing dikes. Overall, a reduction in average annual O&M costs is 
expected, estimated at $66,150 per year on average over the 50-year period of analysis. This net decrease 
in O&M costs is due to the removal of infrastructure. At the current level of site design, all O&M activities 
have not been identified. Additional assessment of O&M activities will be conducted during PED. 

2-15.1 33cfr Part 208 Projects 
The site is not a flood control project to be maintained and operated according to regulations in 33 CFR 
208. (Not applicable.) 

2-15.2 Channel or Basin Clean Out Projects 
The restoration does not include channel or basin cleanout activities. (Not applicable.) 

2-15.3 Multiple-Purpose, Complex Projects with Power Production 
No power production is proposed. (Not applicable.) 

2-15.4 Frequency and Cost Of Maintenance Dredging 
No maintenance dredging is proposed. (Not applicable.) 
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2-16 ACCESS ROADS 
Temporary construction access roads will be needed to maximize the efficiency of earthwork operations 
and haul unsuitable materials offsite. It is assumed that construction access will likely be brought onsite 
by barge, but further evaluation will be needed in succeeding stages of design. 

No permanent access roads are anticipated.  

2-17 CORROSION MITIGATION 
No new construction is proposed. (Not applicable.)  

2-18 PROJECT SECURITY 
The proposal is for ecosystem restoration. (Not applicable.) 

2-19 COST ESTIMATES 
The Deepwater Slough cost estimate of $9,871,000 (1Q FY2015 dollars) consists of costs to 
breach dikes around West and East Deepwater Islands and lower perimeter dikes to allow for a 
more natural hydrological network through the area. Other minor work includes the removal of 
water control pipes, removal of a small bridge, and plantings.  

The largest cost driver is the cost of the breaching of the existing dikes.  While the soil quantities 
were checked by Seattle District Design Branch the total quantity contains a fair amount of 
uncertainty. Assumptions were made based on known information for the site, but it is likely the 
quantity will change.  Other substantial cost drivers include lowering the barge mobilization to 
the site, the riparian planting along all the lowered dikes, and the demolition of the existing 
concrete bridge.   

Following a formal cost and schedule risks analysis meeting held on July 16, 2012, a contingency 
of 53% was developed.  This risk analysis was revisited by Cost Engineering in 2014. Most of the 
risks for this project were associated with site specific issues. There is a possibility for the 
volume of excavated soil to increase, which would affect the project cost and schedule, and there 
is uncertainty about how the project will be contracted. Further schedule risks include the 
timing of the fish windows and whether the site conditions will prevent large equipment from 
being brought into the site, resulting in a productivity decrease.   

There are non-cost related risks as well.  The breaches in the dikes may not lead to a distributary 
channel system.  This should be resolved in PED through additional modeling and application of 
geomorphic design principles when sizing breaches.  Additionally, the flow through the breaches 
may have adverse impacts either downstream or cross channel.  This will need to be considered 
during design of the breaches and modeling during the PED stage. 

Opportunities to reduce the project cost include a potential for reductions in soil removal 
volumes after additional analysis and the clarification of how the project will be contracted. 
Since a conservative approach was taken in the estimation of the PSNERP sites, cost and 
schedule reductions can potentially be found. In addition, since current estimating methodology 
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calls for assuming small business contracting, there is a possibility that the project could be 
contracted with a less selective method, resulting in lower cost and scheduling requirements.  

2-20 SCHEDULE FOR DESIGN AND CONSTRUCTION  
The proposed restoration at Deepwater Slough is considered to be relatively straightforward. 
Based on the low level of complexity, the anticipated design period for the site is approximately 
2 years. This includes preparation of final design, plans and specifications, and the construction 
contract. 

The anticipated construction period for removal of the dikes and construction of breaches is 15 
weeks. Any in-water construction activities will take place during established work windows. 
The existing dikes adjacent to Freshwater Slough and Deepwater Slough may be lowered 
primarily with upland equipment, provided this work occurs during the dry season. The present 
diked nature of the site would allow for construction of the distributary channel network within 
the islands year-round. Construction would have to be sequenced with interior marsh work first, 
breaches and dike lowering last. 

Property acquisition and permitting timelines are not included in this duration. The time 
required to complete these upfront activities is unknown, but is assumed to be relative to the 
length of the anticipated design period for the site as described above. 

2-21 SPECIAL STUDIES  
Table 2-21-1 summarizes recommended studies and additional investigations to be conducted at the site 
to support subsequent stages of design and implementation. Unless otherwise noted, these studies are 
recommended to take place during PED. 

Table 2-21-1. Special Studies Recommended for the Deepwater Slough Site 

Type Basic Requirements 

Property 
Investigation/Survey 

 

• Compile more detailed information on parcel ownership and property 
boundaries to finalize the design, confirm acquisition requirements, 
and support negotiations with property owners. 

Topographic/Bathymetric 
Survey 

• Complete site-specific topographic and bathymetric surveys to refine 
design of key elements, confirm that target elevations are appropriate 
for the desired ecosystem components (low marsh, etc.), develop 
detailed construction and demolition plans, and provide a baseline for 
pre- and post-construction modeling, including hydrodynamic 
modeling.  

• If needed, install a temporary tide gauge in the early design stages to 
obtain site-specific tidal statistics. 
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Type Basic Requirements 

Hydraulic 
Analysis/Modeling 

• Implement a revised hydraulic model for the Skagit River reflecting 
the proposed geometry and the dike breaches to predict the with-
project water surface profiles and confirm the extent and nature of 
hydraulic effects from the project.  

• Combine review of aerial photographs with field surveys to quantify 
channel topology and hydraulic roughness and inform geomorphic 
evaluation under restored conditions 

• Assess hydraulics at dike breaches and effects of increased tidal prism 
to optimize breach openings and quantify effects on adjacent shores. 

• Formulate a monitoring plan, including any required field surveys or 
instrumentation that will be used to evaluate the project’s hydraulic 
performance. 

 

Sedimentation Analysis  • Assess sediment transport dynamics to optimize the breach 
dimensions and locations and address concerns about restored tidal 
marsh evolution and sustainability with changing sea levels. 

• Analyze potential channel infilling and evolution of interior channels 
to determine long-term stability of the site. 

• Assess the need, if any, for slope protection or erosion/sedimentation 
mitigation measures along adjacent shorelines.  

• Evaluate temporary increases in sedimentation downstream of the 
site during the formation of any new distributary channels.  

Coastal Engineering Studies  • Refine sea level projections using localized tide gauge data.  

• Review and establish final design tidal datums. 

• Conduct wind direction and wave run-up analyses. 

• Evaluate changes in salinity and sedimentation patterns in and 
around the project boundaries. 

Geotechnical Investigation • Complete a standard investigation to include subsurface explorations, 
testing, and field reconnaissance. 

• Evaluate dike breach methodology.  

• Evaluate existing pedestrian bridge for potential use during 
construction. 

Excavated Materials Study • Evaluate the suitability of excavated materials for reuse.  

Construction Methods 
Assessment 

• Evaluate the need for channel dredging for barge access as 
construction plans are specified. 

Utility Survey • Compile more detailed information on utilities to finalize the design 
and confirm acquisition requirements. 

Phase II Environmental Site 
Assessment 

• Complete a standard study to assess historic fills and soil sampling for 
contaminants. 
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Type Basic Requirements 

Cultural Resources 
Investigation  

• Complete surveys for archaeological and historic resources, 
particularly in areas proposed for excavation.  

Cost Study • Assess potential for cost and schedule reductions during refinement 
of restoration design. 

Environmental Permitting  • Complete documentation and applications for environmental permits 
with federal and state agencies. 

Evaluation of Existing 
Bridge 

• Evaluate existing bridge for use during construction should the bridge 
be needed. 

2-22 DATA MANAGEMENT 
Project documents, background materials, and digital files from the local sponsors were provided to the 
project team directly, through the State’s Habitat Work Schedule, or via the Nearshore Portal. The project 
team also used databases previously developed by and for the Puget Sound Nearshore Study including the 
Change Analysis and backing geospatial data (see Section 2-3.1.1 for additional detail). 

Work products for the conceptual restoration designs were developed primarily in GIS and typical word 
processor and spreadsheet applications. GIS products for all action areas were collected in a single 
geodatabase that captured spatially referenced locations and sizes of major design elements.  

2-23 USE OF METRIC SYSTEM MEASUREMENTS 
This report uses United States customary units for design and construction measurements. To remain 
consistent with work conducted to date, the metric system of measurement was not used.  
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ANNEX 1: EXHIBITS 
This annex contains a set of site-specific exhibits prepared for the proposed restoration. The exhibits 
include:  
 
Exhibit A – Conceptual Design Plan 

Exhibit B – Conceptual Design Sections 

Exhibit C – Quantity Estimates 
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Unkot Mi:li:Qfi'il 

Q\y Ooscrlplion of II em Meas.un' Nome 

Utilltiu RopfGc.omenc or r~lton. De!i~l'\er lo ~O'Jfde ta&"f.ln.cl ma1e001 and hve tepanrte- lfne Uem for 
t .ac:bwn lflddenle8 f!dUde tl•UitiW09tt• l~t10, hook.t.(p r~K etc., TriES~ q~u:lnf·~ do nul; fndUt.Je 
demclibcn 0( e><i~ing ulilitl~s. u~al 6tot~ I oasameni<S-, de_., ,.~s . a~crlbe-the owner If kno.vn and 

""'""'"' 1ifity rrancht$e wlfl \nsten \O.o ei""IIC is fy-1(1> IOSU!It:C b/ •leddc1!l f ... ndll"") 

wa1 ... LF NA 
Gu l F NA 
Bec:tnc l F "" $1!wer LF NA 
lelecorrrnunlce!Q'!S- lF NA 
01ne< LF NA 

Roadway) Railway 
Roe<t"'&V tl ype_• s> NA 
Roadway • Tranc S!g"~&l LS NA 
Culvcn(t)pel l F NA 
Culvtn • ~eking lF NA 

Cu!ven • liO'iz.OlttlJ Pile Orim o lF NA 
Ellldge roonclenons Deck .and ~urtenanoes 01' NA 
R-aliV."itY-Eo:t Glrde. SF 

"'"" RtliW!I - F~ndulfoo LF NA 
Rallway-Stioe ny lF NA 

Permanent Access Features 
Roed3 level NA 
uliuv Access ROU(e' ... , .. NA 

&aston Cootr<i F eawres LF. NA 
Publl" Ateess or Recreation Feature$ 

Tralts. Sf NA 
&!_du~~ s~ NA 
KiO"...k E'A NA 
Reslrocrns: EA NA 
lotCf nrtNc~ns EA NA 
PanclnQMa Sf "" Olt,~r EA NA 

Vegetation & Erosion Control 
HYdrosee~St~g PC NA 
Plontfno PC NA 
V~getaUon Ma~t~tenance ACYR NA 
B~foo/sedrncryt BMPs- fc:rnp, PC NA 
Et-or.too I s--eM'lent BMP!; Permonont I>C NA 
\Mtter.oide r:m!rd~ - T P.mQorary EI\LF, tS NA 

Construction Mana.aement 
Querdv baud on CCtlstNcbon cklret!ont I of construction seasOhs: mctlilzaJion/demobl'l.ustlCJ'lz2 
wee'<s. d e;u aoa gruD=-3.5 weeks 1evet IONenng:S 1 vfeexs: nreaer. e.<eavauon-::5 v.·em: ~e 

Consuuetlor. twersk:ht weeks 15 ri OYCrlep~ 
Ma:enaiS t~ng NA 
Ptq.1on~nt !n·kind Scr.ice-S Man-Da 'IS NA 
GO'.ternm,nt Overs; bt Man-Oa s NA 
Ouc;lity ConJrol & Testl.-.:r I..S NA 
QueTito..• k-st!tBnm lJV'tb T e-'51 nQ L.S . "" Oecl n and Detailed Sitoln110st1gations 
&l'l.'ti • & Prooerty U111it Re.searcl'l lS "" :!5%0e& lS NA 
55% doslgn LS NA 
SO'!'&deSiQP LS NA 
100'ro de • l S NA 
Ge«edln!ul SW!ies NA 
Cu_lhiral SUdies "" HTW.Raut.ii:S NA 

Proj.,ct A!lree....,nt Activities Un.liott to Pf(Mde. credible MtJMote. al 10f*.: dHf~ 

Sit&Spocific Adaptive Manago.ment Foatu"'s & Activities ll<1 1fkn""" 

Monitoring Activities Assume!) Cfew-~r for uch mo~O!'Ing pars motor 10 desi~ report r-oc- 5 yrs. 
Mooll<ml! (TV!>e. crt w.oayos. 150 

01'!'ations & Malntenanco U"t.ble to Pftl\lide aeclinte es(i iTI&te. a! 10~ 0$91'\ 
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ANNEX 2: COST ESTIMATE DETAILS 
Cost estimate details include estimated costs, anticipated construction schedule, and risk 
register.  
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Print Date Wed 2::! July 201 ~ 

Eff. Data 6/4/2014 

Laber IDi NLS201 0 EO ID: EP11R08 

!J .S. Nmy Corps of Engineers 

Proiaot : Daepweter Slough (Pt;ortial Rastoration) 
PSNERP Faa.stbllity Report 

Deepwater Slough (Pt;ortial Restoration) 

Deepwater Slough Restoration 

SELECTED ALTERNATIVE:Thie estimate is for the Partial Re&toratlon J'Jtemetlve. 
BASIS OF COSTS: Mil English Costbock and associated libraries, vendor pricing, and bLiill crews. 

SCOPE OF WORK; Final Feasibility Report 
ESTIMATE CLASS: Conceptual, Level4 

Original EeUrnat: O~nlel Lowry. PE, CCC (NWS) 
Revised Eslimale: Daniel Low·ry. PE. CCC (NWS) 

Estimated by 
Designed by 
Prepared by 

Preparation Date 
Effective Date of Pricing 

Estimalsd Construction Time 

Seattle District, Co~t EsdmatingSeedon 
Seallle Disll'll:t 

Daniel l owry, PE., CCC 

6/4(2014 
6/4/2014 
365 Days 

This report ir; not copyrighted, but the informalio11 co,talned hereiT) is For O fficial Use Only 

Currency in US dollars 

Time 08:57 20• 

n ue Page 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 
Eff. Date 6/4/2014 

Designed by 

SeatUe District 

Estimated by 

SeatHe District, Cost Estimating Section 

Prepared by 

Daniel Lowry, PE. CCC 

Direct Costs 

LaborCost 

EQCost 

MaHCost 

SubBidCost 

U.S. Atmy Corps of Engineers Time 08:57:20 
Project : Deepwater Slough (Partial Restoration) 

PSNERP Feasibility Report library Properties Page i 

Coslbook CB12EB·b: Mil English Cost Book 2012-b 

Labor NLS2010: National Labor Library· Seattle 2010 

Design Document Final Feasibility Report 

Document Date 6/3/2014 

District Seattle District 

Contact John Dudgeon, Chief Cost Engineering 

BudgetYear 2015 

UOM System Original 

Tlmellne/Currency 

Preparation Date 6/4/2014 

Escalation Date 6/4/2014 

Elf. Pricing Date 

Estimated Duration 

Currency 
Exchange Rate 

6/4/2014 

365 Day(s) 

US dollars 
1.000000 

w.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable. In a non-union job the whole fringes ane taxable. In a union job, the vacation pay fringes is It 
Labor Rates 

LaborCost1 

LaborCost2 

LaborCost3 

LaborCost4 

08 NORTHWEST 
Sales Tax 9.30 

Working Hours per Year 1,540 
Labor Adjustment Factor 1.05 

Cost of Money 2.50 

Cost of Money Discount 25.00 
Tire Recap Cost Factor 1.50 

Tire Recap Wear Factor 1.80 
Tire Repair Factor 0.15 

Equipment Cost Factor 1.00 
Standby Depreciation Factor 0.50 

Labor 10 : NLS201 0 EQ ID EP11R08 

Equipment EP11R08: Mil Equlpment2011 Region 08 

Fuel 
Electricity 0.072 

Gas 4.000 
Diesel Off-Road 4.000 

Diesel On-Road 4.500 

Currency in US dollars 

Shipping Rates 
Over 0 CWT 28.32 

Over 240 CWT 26.60 

Over 300 CWT 24.23 

Over 400 CWT 22.06 

Over 500 CWT 11.26 

Over 700 CWT 9.51 

Over 800 CWT 6.48 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 

Eff. Data 6/4/2014 

Labor 10 , NLS2010 EO ID: EP11ROS 

U.S . .Atmy Corps of Engineers 

Projaot : Oeepweter Slough (P(lrltal Rastora6on} 
PSNERP Feasibility Report 

Currency in US dollaroo 

Time 08:57;20 

Ubrery Properties Page II 

TRACES Mil Version4 .2 
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Print Date Wed 23 July 2014 
Eff. Date 61412014 

Direct Cost Markups 

Productivity 

Overtime 

Standard 

Actual 

Day 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 

Sunday 

Sales Tax 

Mat/Cost 

Contractor Markups 

JOOH 

JOOH- Sub 

HOOH 

HOOH - Sub 

Profit 

Bond 

Excise Tax 

Owner Markups 

Contingency 

Escalation - F&W 

Escalation - Channels 

Escalation - Levees 

StartDate 
6/15/2011 

StartDate 
6/1512011 

Days/Week 
500 

500 

OTFactor 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

2.00 

Labor ID: NLS2010 EO ID: EP11 R08 

U.S. Army Corps of Engineers 
Project : Deepwater Slough (Partial Restoration) 

PSNERP Feasibility Report 

Category 
Productivity 

Overtime 

Hours/Shift 
8.00 

8.00 

TaxAdj 

Category 

JOOH 

JOOH 

HOOH 

Allowance 

Profit 

Bond 

Excise 

Category 

Contingency 

Escalation 

Startlndex 
723.37 

Escalation 

Startlndex 
750.06 

Escalation 

Working 

Yes 

Yes 

Yes 

Yes 

Yes 

No 
No 

Shifts/Day 
1.00 

1.00 

End Date 
8/31/2015 

EndDate 
813112015 

Currency in US dollars 

Method 

Productivity 

Overtime 

1st Shift 
8.00 

8.00 

2nd Shift 
0.00 

0.00 

OTPercent 

0.00 

Running % on Selected Costs 

Method 

Running% 

Running% 

Running% 

Running% 

Running% 

Running% 

Running% 

Method 

Running% 

Escalation 

Escalation 

Escalation 

Endlndex 
774.39 

Endlndex 
802.97 

Time 08:57:20 

Markup Properties Page iii 

3rdShift 
0.00 

0.00 

FCCM Percent 

0.00 

Escalation 
705 

Escalation 
705 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 U.S. Army Corps of Engineers Time 08:57:20 
Eff. Date 61412014 Project: Deepwater Slough (Partial Restoration) 

PSNERP Feasibility Report Markup Properties Page iv 

StartDate Startlndex EndDate Endlndex Escalation 
6/15/2011 75799 8/31/2015 811.45 705 

Escalation - Floodway Escalation Escalation 

StartDate Startlndex EndDate End Index Escalation 
6/1512011 723.37 8/3112015 774.39 0.00 

Escalation - Cultural Escalation Escalation 

StartDate Startlndex EndDate End Index Escalation 
611512011 741.91 8/3112015 794.24 705 

Labor ID: NLS2010 EO ID: EP11 ROB Currency in US dollars TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 U.S. Army Corps of Engineers Time 08:57:20 
Eff. Date 6/4/2014 Project : Deepwater Slough (Partial Restoration) 

PSNERP Feasibility Report Project Cost Summary Page 1 

Descri lion Quanti!}: UOM ContractCost Escalation Contingenc;r: SIOH ProjectCost 

Project Cost Summary 3,423,014 0 0 0 3,423,014 

Deepwater Slough 1.00 LS 3,423,014 0 0 0 3,423,014 

1,887, 113. 16 1,887, 113. 16 

Fish and Wildlife Facilities 1.00 EA 1,887,113 0 0 0 1,887,113 

1,887, 113. 16 1,887, 113. 16 

Wildlife Facilities & Sanctuary 1.00 EA 1,887,113 0 0 0 1,887,113 

683,094.76 683,094.76 

Mob/Demob & Prep 1.00 EA 683,095 0 0 0 683,095 

63,091.79 63,091.79 

Demolition of Drainage Structures 1.00 EA 63,092 0 0 0 63,092 

0.56 0.56 

Revegetation 946,500.00 SF 534,174 0 0 0 534,174 

178.46 178.46 

Bridge Demolition 3,400.00 SF 606,753 0 0 0 606,753 

1,517,644.60 1,517,644.60 

Levees and Floodwalls 1.00 EA 1,517,645 0 0 0 1,517,645 

1,517,644.60 1,517,644.60 

Levees 1.00 EA 1,517,645 0 0 0 1,517,645 

6.70 6.70 

Lower Existing Levee 124,000.00 BCY 830,564 0 0 0 830,564 

68,708.03 68,708.03 

Breach Existing Dikes 10.00 EA 687,080 0 0 0 687,080 

18,256.53 18,256.53 

Cultural Resource Preservation 1.00 EA 18,257 0 0 0 18,257 

18,256.53 18,256.53 

Cultural Resource Preservation 1.00 EA 18,257 0 0 0 18,257 

Cultural Resource Report and Consultation 1.00 LS 10,143 0 0 0 10,143 

126.78 126.78 

Built Environment Analysis 64.00 HR 8,114 0 0 0 8,114 

Labor ID: NLS2010 EQ ID: EP11 ROB Currency in US dollars TRACES Mil Version 4.2 
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Deepwater Slough I Classic Schedule layoot I 
P<:tivityiD I ActWty I'JI!Ime r~~a:,~l¥1 I Finish March 2017 Apri2017 ,AI.lgust 2017 September 2017 October 2017 November 2017 December 2017 July2017 May2017 June 2017 

27 06 13 20 27 03 10 17 24 01 08 15 22 29 05 12 19 26 03 10 17 24 31 07 14 21 28 04 11 16 25 02 09 16 23 30 06 13 20 27 04 11 16 25 

• • a t 12-0ct-17~ Deepwater Slou\11 

All990 Start 0 04-Apr-17" 

A\000 Moblile \ 04-Ap,-17 04-Apr-17 

A1010 Clear and Grub 36 O~,Af>r-17 24-May.17 

A1020 lower tnt Dike 3 25-Ma1'"17 2!)..May-17 

A1030 Lower Ext Dike 44 30-May-17 28-Jul-17 

A1040 Breach Ext Dike 40 31-Jul-17 22-Sep.-17 

A1050 Revegetation 13 25-Sep-17 11-0ct-17 

A1060 Oemobitization 1 12-0ct-17 12-0ct-17 

A1070 Erosion/Water Protection 8 05-Apr--17 14-..,._17 

A\080 Demo Fkxld Pipes 8 30-May-17 08-Jun-17 
., .. · --·· 

A1090 Demo Bridge 21 31-Jul-17 2S-A4Jg..17 

A\\00 Finish 0 12-0ct-17 

- AcluaiWork - CrHical RemsinW')gWork ~SUmmary 

I 
Page I of 1 IT ASK fll\e< All Ac1•~1ies 

c:::=J Remaining Work • • Milestone C Oracle Cor-porahOI 
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Deepwater Slough 
Partlltl Resloratton 

AU PSNERP OIOjeO:UW111 be t WIIICed bU«< 001'111 
-hbllilycJIIIttlo!'incllui'ICIIIQThutiiSpotS&IIIelr111 
acbon ,_y not be ecnstruaed for 1 deaulill cr men 

PrcftdlsOQingforw.rdlor el.lthdllellont!el0"40ulgl'! 
IIY'M Utwlly TSP Is CIOIM II lhe 35-. IJI'!kown ...,..1111 

HighYOklme ofprq«itiii'IO&ri1WI PSNERPIIUIII«<llliOtl 
~ prewni!MUH In,.,. d ~.outU llloctUon ll'ld 

~JJ•ot)'ecntrcl , 

Bat. lheSeattla Distna andlneWOfW fll¥11 numl:fOUs 
prf:ljed.scc:wrwtJnglorltaflngfesour~ lfc:therptq~Ch 

blcOINihllt'•priarily'lttffeoJICi be puMIIdln:m ........ 

PSNERP Deepwater Slough Parttal- PDT Risk Register (Draft) 

M•Girl• MOOEA-'ITt 

ThttlsiYfol'l l" ...,nst COntr.ct «1'$1S«~o.~ldW!c;ruse 
\l.lb"II'IMity ltftS~Iti'IOitwWded\IIIICII2020 

Hoootrevefauth~Nnolngts~)USiediOI' tnhUO'len<S 

lllfllln'IPKUd.Jelodelsywel'l'lliQeled\CII'I'O&'Wtltlbeui,iM 
ofii'IIS 

TtiiSir!llld W.l d<'loCUtsed ....... l e Clea.dng lOgo dcJom 11'111 ... TWs ldlon ls l .. tiY'"' Cltfw'leou Is AlldJhe 
pctenullklr~lrtcten.utr.KCGUni.Oforlrtlhe 

evalu.OOOs of 111dvto:llal elemenu. 

POT doH notbelieY~~lfM vdurntofl!fllftQWtl ct!ISI 
prtll:lletnl PrOjeCt will be td'led'M Otlet ye.,. tnCI twn 

ClectCIUIIICI'derklmetlt«ttstructiCI'IgoeiS Vety Unllllef)' -
PSHE:RP ,..,...;ns 1 Oitlnet end WDfW prtoolly 1!'10 Wlllt 
left lillefyl'lan aner prq~~aslOH:e sllllfll'lg redudlons 
Ttaftaremnoroosllnc:ree..,dl.lelolfla"'"ln«<"k 

Ol!tll.g oti.·ICI.In:tdtoAa, tndClal:m~bl~ UoofdorM!s l• 
~•f'lt!glsVWCecl onshOflfM:IIIee ~k")" ...... ~,.. .. LOW 

Page1o(4 

,,.,.. 

Nct9vded 

$140000 

Project Title Here] Project, any cost Impact of S Million or hJgher should be considered at k!Mt "Significant." 
S Mi llion should be considered at leMt '"Margi nal.'" 

Here) Project, any schedule Impact of months or greater should be considered at least " Significant." 
be considered at 1east "Margi nal.'" 

lOW Hoi &Idle(! fl'fei'IQIAtt 

lOW ~lltlldied ....... DllbldMer!egfi'Nfll 

P'r(.fta CIXI 

Conlr.t!COttlPrqect 
V~UI\Ile(y ~lfillbll! LOW NOtfJI.IcHd Ttlll'lgiUIIIr PrqectMflrltger ""'""" 

""""llrlhll-')' Nf9lgltlle LOW NoCSl!Jd~ Tnengular R~c.Pr~ ConcreaCost 
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Dee~rSiougfl 
Partial RestCX31ton 

Tht PSNERPprqfd MlbtlleTYYilllbltln It!• AI\~'(~~ POtbti~IIIWI';VII' ... tly ltl"'ltltrt•!J'Jid!M IP~Y 
lfMone•con~ceon~n.-COIJdlrte~ loctiO'I \tllll ~J'I'fngl<lllt•pr(ftoduJI'IeM!l'MIPII:IItcltll>ll' 
~poorty'(Tedi>!Zder!Villi!1IIWIUII tm.th. P\'llfed pnlCft'd &ocalWudiaflwtlilely lobe those whoM 

!Poor lnittal PrOject 
l'ltlliOtJbOIIJ~O ... tliqtltfdOI~OMilOI1c:.tflt"""a'101 Wtrnl lt fltl'fiOIII IUUt04. .,.,_QS\IrQ.IIO ~!(tty tloo 

Mt)'•llcwswQ, etc) c- the no:mander ofltMI prqect to c:il!ta~IO lhe ~urt ofprqecl'i, erld cmts ether than v.., ...... 
-··~ 

., ....... ,. .. PPM-8 [Pertomance fl ..... ll'lerttM4~•? lllti•Msdi.MtolrlfiiiiO/'IWOIIIIIOtW'».~ "''' Nel$1l(lfl,j Vfll\fVII•t~Y ~1(,11:'41 LOW "f..O&r.i(lcd 

... _. 
~dColll6.$tnMIIt 

1:::.-:~:-
Net 11 uWd bY locel Mtef1o. CC(Jid me wen on tl'le slle 

~-9 
4""('AOidlt.llgelf\efttb1111'11011Mf'llttt.4 pot«!UH}t ~u::to!~~:~~lllli.,~IOMDII!M tulltdlot 

reqr..or>ng loc6ttuy.ll'l'l ""'"""'"'~"-· 
v...,_,_, ......... LW ......... 'ol.-yU.. ... ely Jltt9•g.rAe '"" Noi.SruBed TnengWw 

... ....... ,_ 
PrcieUCot.il!ld'lltUI 

I: :"' en 

T;pin~tf l prq.:tgoeoe:.,.... biJMIUI lhttmCM'II Clf 
wbocntrtCIII!VI rld iMO'WiftleiiOntestt~erellw 

Sllbconfnlefl1'1Q tnaul41'1d bell'l.lchd ll'lel'll.lc l«llllt 
Atq..lt-'t~Gt.U.Ct'lb'l1!ro>rfefltl)'rtlll~ei:!Thltt' .. le prcteet ~ewr,UIIr\glttubbeclout. tfllutwe.ll ti'N~ 

IAO.tmf'!lt a.il llldCO .. K qU.tiKir111ow!!WIIII'IIpimet busirlfSilM 0¥1HT!IIdWOo.ildirK111liJIIt Olnfrtlfllf9HII 

has not 
CGMrtlri.Oft•donono~ ,.lht...arttdon• tt«~n•f?t Ttiii. PI'ClltiCt.QI....,rltmil~~lH 
SUD>:OtllnodD"t fti!Sprq!!dCouldt.etcquftdb)odn. .... ,. ... '" -· :..::::.:~ ..... ,;;.;;;. .... CA-.1 metriOI:It..O.IrctTIMI IIW:IOP<MC~tion VO<VL••• """" .,., "' ,.., .... .., ......... LO« .,. ...... '""'""" COI'IInoct Cott 

Ptqecr ai.uto • eenaon oegre-eGNes.....,ectlltf Of ~tct t 

t':.::'!~rw:thu;wl•fDr ~O:::;j~*'•n.•. 
r~~~; :~~ 1r~:~=~M_.I."Ybe_ '!'~ 
~~.;·;;:~~·~~~~:,~:=::~ 

l!ld ~·y _ ~~~~o~~~~~-~~~ hpon itllen.t 

CA-2 [small Elos•n•"• Maokups 
Cotfi.to.ll~ ftct .. MclJ•to~-'!~~~~~~ ~ ~~-' ~ . relllldlor... no 

-"'"' 
_, ... 

LOW so v""""""' -·"· LOW ' ld:sc..died ,M, .... W Cc:lrlln.dCOS( l ~e• redl.oaklns 

IPOltltltewthtl t.l'ltSII U_nlk~ty 

C"3 [inerf!CI$11 COn\r&C!Or$ 'f,...~equu•!!O'I pure11.rnat ni(JIIf 1111llaef:l'l ecntn~dOB .......... ,~ .. ..;.. "'M"' ~~-y - '"'" ......... lJnM~e!y .. rgll'ltl lOW TnengWIIf """""'"'' ~SefllldUI• 

[TECHHICAL RISKS 

I ,. l.~;;_~=~=~~~~~~=;~r~-
TL-1 [,"""""' ... ~tlaiCIIl/19!' anO=~:~::hMM'II tllnWflllCI d ~,~-~ · ; ~Qr.r~C:~r:e::!l'll:r:_rro~a~ Sbl 

""''"' Og;b~ $"Nl 1» ..... .., ...,,,, . tlot&ud.ld "'"'""w ,.,.., .. -·""" 
TL· 2 [P!eM 01e oncom,..te "'-.:.~::.:.., ..... , ......... '" ... "'""'''"''"''"" '"''""""'"''. ··-·· ""' '""' ..... - ...... """""'' -·- ,~.,..... "--- -·"""'""'""' 

1:~~·~. lnt~fl!o""e w/ 1•.:::::·:.':. :.=.:::'C~-"-~~·~·":'~ .. ~ 
TL-3 T"-911gtFIN"'OI kriOOOt-IT'Cit d \ ·- """"" .. "' -~ '""' H<ll Slvcleo 

__ .., 
l'f<f'lliblt l OW t.l(ll!li(IJ(Ud "''"""w '"'""' PfolltrJCotf6Scrw:OJie 

1::.':' AND DAMAGES 

~tioc.boi'IJRCIIbemgeon"C~Ietedtt\lflfYunlil<elyn tl 

1 

twC'telime COC!UilJ*'"'st=~~:~dtlc:::•a !Yctldt m.r• n-tntrrr•l•tla\H cllj«<l\Oe\mtl~. ~~ 

PfOttKit ~tionel~ H!Hmodi!INI'Ighl'I'!Oib•~oon• C~SINdiOI!llarti\g . I ~~~~~ 

[Retoeahon• 
IOIIIIIIIIH CoJid'"""r tlolcUIJIId'Oftltr lwlUI!Iwd [•; .,, ~.:::::.:;;,';'m' """fa • 

LD-1 addrtM:IrU!Ipn:~p.aes1 v.,.,r.Jnae~ - ""' Not&wdled Vtr')tuna~ .......... '"" Nol•utoed Tnang..lar Aeti EIIate ProjedCatll&dle!Ue 

Vlf'ii.!Ntk.ely MWwes .-ewell ..ayfro:ftl¥01= 
CIQOUlllac!ertlltnd•,. hOI ~kllly to e«rt"1 ti'IMi«'tt 
pqNIJ !i(nt A.oiMCII'IMY lhiiJ •• 15 only •~ttCie by 
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Deepwater Slough 
Partial Reslotalton 

RE-3 
~~~~~of agnculttnl 
[HAZMATwa5te 

RISKS 

be 

CON-4 [Eouopment a=ss 

oonuncawn 
[IICH!DULI ~taKS 

EST -1 [Fuel cost tncreases 

~~~emo¥al 
EST·2 [methodotogy 

EST-3 

""""'"'"""""'""""" 
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3-1 GENERAL – DEER HARBOR ESTUARY  

3-1.1 Overview of Restoration Site 
Deer Harbor encompasses the largest estuary on Orcas Island, which is within the San Juan/Georgia 
Strait Subbasin. The Cayou Valley Lagoon, also known as the Deer Harbor Lagoon or Slough, is an open 
coastal inlet located north of the Channel Road bridge. Tidal flushing from the bay into the northern inlet 
is limited by fill and shore armor associated with Channel Road bridge. Subsequent changes to nearshore 
processes associated with reduced tidal flushing have altered tidal prism, freshwater hydrology, plant 
communities, and tidal flow within the estuary.  

The Deer Harbor Estuary site was selected to address Coastal Inlet restoration objectives. The restoration 
actions are aimed at restoring the following ecosystem processes: 

• Tidal flow 

• Freshwater input (including alluvial sediment delivery) 

• Tidal channel formation and maintenance 

• Detritus recruitment and retention 

The proposed restoration at Deer Harbor Estuary entails widening the mouth of the inlet to allow full tidal 
flushing, which will require replacing the bridge, footings, and fill with a wider bridge span over the 
mouth of the inlet. This restoration also involves removing fish passage barriers, restoring freshwater flow 
in the inlet tributaries, and planting riparian vegetation. A restoration alternative that proposed a shorter 
bridge span and keeping the existing roadway alignment, which deviates from the County’s standard road 
curvature criteria, was considered but not selected for detailed analysis; see Chapters 4 and 5 of the 
Feasibility Report for a complete discussion of the evaluation of alternatives. Details of the restoration 
design are provided in Section 3-6 and shown on the exhibits provided in Annex 1. Figure 3-1-1 shows the 
Deer Harbor site and vicinity.  
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Figure 3-1-1. Deer Harbor Estuary and Vicinity 
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3-2 HYDROLOGY AND HYDRAULICS  
The Deer Harbor watershed (Figure 3-2-1) covers slightly more than 1 square mile on the westernmost 

lobe of Orcas Island in the San Juan Islands. Although it lies at the outlet of a relatively small watershed, 
the Deer Harbor Estuary is the largest estuary on Orcas Island. The watershed is composed of Fish Trap 

Creek and a smaller unnamed creek from the west which converge at the Cayou Valley Lagoon. The Cayou 
Valley Lagoon is tidally influenced and connects with the inner part of Deer Harbor through a constricted 

passage under the Channel Road bridge. Estimated annual rainfall in this area is 27.6 inches. 

 
Figure 3-2-1. Deer Harbor Watershed (Source: USGS StreamStats) 

The primary intent of the project is to restore tidal processes to Cayou Valley Lagoon for the purpose of 
habitat restoration. This will be accomplished by removing an underwater rock fill (a sill) and by 
expanding the connection of the lagoon to Deer Harbor at the Channel Road crossing with a 110 foot 
bridge. No new levees are planned for this site.  

Prior to inclusion in the Puget Sound Nearshore Ecosystem Restoration Project (PSNERP), the Deer 
Harbor Restoration Project Team (DHRPT) evaluated five restoration alternatives for restoring the lagoon 
connection, including a no action alternative. Hydrologic, hydraulic and geomorphic assessments of the 
site were conducted as well as hydrodynamic modeling for three different actions at the lagoon 
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connection: sill removal alone, sill removal with a 80-foot bridge opening and sill removal with a 120-foot 
bridge opening (ESA PWA, 2011; DHRPT, 2005). 

The hydraulics and hydrology for all restoration sites in the Puget Sound Nearshore Ecosystem 
Restoration Project were evalauated using an area of potential hydraulic effects specific to the 
construction requirements for each particular site. The upstream and lateral limits for this area represent 
the 100-year base flood elevation derived from a combination of Federal Emergency Management Agency 
(FEMA) flood maps and Flood Insurance Studies  as well as U.S. Army Corps of Engineers (USACE) base 
flood elevation determinations. Downstream and seaward limits are based on changes in shoreform type 
and best professional judgment.  

 
Figure 3-2-2. Deer Harbor Estuary: Area of potential hydraulic effects 

Figure 3-2-2 shows the area of potential hydraulic effects for the Deer Harbor Estuary. The upstream and 
lateral limits were set according to the 100-year base flood elevation as determined by USACE. The base 
flood elevation is at 13.70 feet (NAVD88) and is based on tidal elevations at Friday Harbor along with 
storm surge data from Victoria, British Columbia. Local wind wave set-up and run-up is included in this 
base flood elevation as well. The 13.70 foot elevation as determined by USACE is higher than the elevation 
of 9.4 feet (NAVD88) used in the ESA PWA geomorphic assessment of Cayou Valley Lagoon (ESA PWA, 
2011). The consequences of this disparity will be resolved in Project Engineering and Design (PED). The 
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seaward limit of the area of potential hydraulic effects was taken as the downstream extent of most 
estuarine sediments visible on aerial photographs. The limits of the area of potential hydraulic effects 
does not incorporate the potential for sea levelchange but this potential is discussed in Section 3-2.1.9. 

3-2.1 Functional Design Requirements 
This section describes the hydrologic and hydraulic setting for the site and the intended hydraulic 
consequences of the design features. 

3-2.1.1 Consequences of flows exceeding discharge capacity of the project 

The purpose of the restoration is to restore natural tidal flow and sediment transport to the Deer Harbor 
Estuary. There are no water storage or control facilities at this site, so there is no design discharge 
capacity to be evaluated. (Not applicable.) 

3-2.1.2 Project-induced changes obligating mitigation 

Mitigation, in the context of this site, applies to compensation to local stakeholders for any loss of 
function or detrimental project-induced changes. The possible project-induced changes obligating 
mitigation, as identified at this stage of design, are summarized below: 

• The new bridge alignment and approaches may require right-of-way changes affecting local 
landowners. 

• The private properties upstream of the existing bridge will likely experience some changes in tide-
related flow patterns and salinity as a result of the expansion of the bridge opening. The changes 
will primarily affect the timing and not the peak elevations of tidal influence. The extent of these 
changes will be addressed during PED.  

• The removal of the channel restriction at the bridge will allow the mobilization of sediments that 
have been impounded upstream of the bridge opening. Shoreline facilities in the northern part of 
Deer Harbor may experience some temporary increases in sedimentation as these sediments are 
transported out of Cayou Valley Lagoon into the deeper parts of Deer Harbor. The amount and 
potential areas of sedimentation have been estimated by the Deer Harbor Restoration Project 
Team (DHRPT, 2005) and in a report prepared for People for Puget Sound (ESA PWA, 2011).  

“Preliminary modeling presented in [the DHRPT report] suggests that approximately 1,500 cubic 
yards of fine sediment would be mobilized over a period of six months to one year following 
removal of the rock sill. Of this, about 350 [cubic yards] is expected to be silt-sized and would be 
transported as suspended sediment out into the Outer Harbor and beyond. The remaining 1,150 
[cubic yards] is expected to sand-sized or larger. This fraction would be transported as bed load 
into the inner harbor, where it would be expected to settle out along the edges of the main 
channel. The average depth of accumulation of this coarser sediment is estimated to about 0.19 
feet.” 

These sedimentation estimates will be reviewed during PED. 

• Any sediments mobilized as a result of widening of the bridge opening may have temporary 
effects on local fish and/or shellfish populations in the northern part of Deer Harbor (DHRPT, 
2005). 

3-2.1.3 Discharge-frequency relationships 

No long-term gauge data exist for Fish Trap Creek or the smaller unnamed creek which both flow into the 
Cayou Valley Lagoon. Flows on Fish Trap Creek during a two-month monitoring period in the winter of 
2004 ranged from 0.08 cubic feet per second (cfs) to 0.79 cfs (DHRPT, 2005). 

Discharge-frequency predictions, shown in Table 3-2-1, were obtained by two methods. A StormShed 
software model for the watershed was created by SEA Inc. (DHRPT, 2005). The StormShed model is 
based on the USDA Curve Number method. For comparison, U.S. Geological Survey (USGS) regression 
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equations for Washington region 2 (Knowles and Sumioka, 2001) were also used to estimate discharges. 
The discharge values obtained using StormShed are roughly twice those obtained by USGS regressions 
and can be considered conservative. The predicted discharges are affected by upstream artificial 
reservoirs on Fish Trap Creek. In 1999, the largest of these, an artificial 5-acre reservoir, was built near 
the headwaters of the creek. This reservoir diverts water out of the Fish Trap Creek watershed into the 
nearby Skull Creek watershed. In addition, the construction of Deep Meadow Road has altered the 
distribution of flows within the watershed. 

Table 3-2-1. Peak Discharge-Frequency Predictions for Deer Harbor 

Method 
10-year 

(cfs) 

50-year 

(cfs) 

100-year 

(cfs) 

500-year 

(cfs) 

Stormshed (SEA Inc.) 46.6 - 89.2 - 

USGS Regression 21.3 30.4 34 44 

3-2.1.4 0.2% chance of exceedance flood (500-year return interval flood) 

The area of potential hydraulic effect for Deer Harbor Estuary is dominated by storm surge. Table 3-2-2 
summarizes the 500-year hydraulic conditions for the site area. The 500-year return flood elevation from 
Deer Harbor is taken as the 500-year coastal base flood elevation and includes factors such as storm surge 
and atmospheric effects but does not include sea level change. These values will be reviewed during PED. 

Table 3-2-2. 500-year return interval hydraulic conditions for Deer Harbor 

Flooding Source 
Elevation 

(feet, NAVD88) 
Discharge 

(cfs) 
Deer Harbor Coastal BFE 14.3 (USACE) - 

Fish Trap and Unnamed Creeks -  44 (USGS) 

3-2.1.5 Stage-discharge relationships 

ESA PWA (2011) assessed the time varying response of water levels in Cayou Valley Lagoon to tidal 
fluctuation as well as to extreme coastal storm and stream discharges. Since this site is tidally dominated, 
no additional stage-discharge analysis is currently planned. 

3-2.1.6 Flow duration 

ESA PWA (2011) assessed the time varying response of water levels in Cayou Valley Lagoon to tidal 
fluctuation as well as to extreme coastal storm and stream discharges. Further unsteady flow analysis or 
flood flow routing is not anticipated for this site. 

3-2.1.7 Flood inundation boundaries and flood stage hydrographs 

No detailed Flood Insurance Study has been conducted for this location. Figure 3-2-3 shows the 100-year 
flood zone as determined for the FEMA Flood Insurance Rate Map. This approximate flood zone 
information does not provide any base flood elevations. 
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Figure 3-2-3. Current FEMA 100-year flood zone from  

Flood Insurance Rate Map 530149 0003B (FEMA, 1991) 

3-2.1.8 Reservoir yields 

No reservoirs are planned as part of this site. (Not applicable.) 

3-2.1.9 Risk and uncertainty analysis for sizing of the project under study 

Channel sizing 

ESA PWA (2011) provides a detailed hydraulic and geomorphic assessment of the restoration for Cayou 
Valley Lagoon. Based on the hydraulic modeling results, the study concludes that the bridge span should 
be a minimum of 80 feet with an ideal width of 120 feet. The current plan calls for a 110-foot-long bridge 
spanning the estuary, which is close to the optimal size based on the model results. The report also 
indicates that at the 120-foot width, the velocities and bed shear stress are low enough that significant 
erosion and scour are not likely. Although it is not anticipated that scour effects will be excessive, a bridge 
foundation scour analysis is recommended to assess the interaction of the bridge abutments with the 
widened channel. This will be addressed during PED. 

Sea Level Change  

Deer Harbor is located in the San Juan Islands – Georgia Strait Subbasin of Puget Sound. Sea level 
change calculations for the San Juan Islands – Georgia Strait Subbasin are based on the Friday Harbor 
tide gauge using the guidance under ER 1100-2-8162 Incorporating Sea Level Change in Civil Works 
Programs (USACE, 2013). Table 3-2-3 shows the range of sea level change projections for the 50-year 
project life, indicating a maximum sea level change of 3.55 feet in 50 years. The largest risk associated 
with sea level change at this site is the displacement of habitat upstream, with vegetated marshes 
becoming intertidal habitat and intertidal habitat becoming subtidal habitat. Tidal marshes can adapt to 
sea level change by building elevation to keep pace with the rising water levels, but this requires an 
adequate supply of sediment and/or organic matter accumulation. Future studies should include a 
sedimentation analysis to determine what impact the restoration will have on sedimentation rates and if 
there is sufficient sediment accumulation to keep pace with the projected sea level change.  
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Table 3-2-3. Projected Sea Level Change (feet), Friday Harbor (Gauge 9449880) 

Year Low (feet) Intermediate 
(feet) High (feet) 

2035 0.16 0.32 0.84 

2045 0.19 0.44 1.24 

2055 0.23 0.58 1.7 

2065 0.27 0.74 2.24 

2075 0.3 0.92 2.86 

2085 0.34 1.11 3.55 

3-2.1.10 Water quality conditions 

A limited monitoring program consisting of testing samples for pH, dissolved oxygen, and fecal coliform 
was conducted for this site in December 2003 (DHRPT, 2005). Individual grab samples were collected at 
four locations in the estuary during a weak ebb tide following a rain event. All samples except one met the 
Washington State Class A Marine Water Quality Criteria for each parameter. Two typical sources of fecal 
coliform contamination that are present in the vicinity of the lagoon are waterfowl and residential septic 
systems. 

The restoration is not anticipated to generate any long-term effects on surface water quality. The 
anticipated water quality effects are as follows: 

• Construction-related turbidity and suspension of sediments may occur due to armor and fill 
removal and construction of new bridge embankments. 

• Temporary increases in sedimentation may occur downstream of the new bridge because of the 
release of sediment currently impounded behind the bridge constriction. 

• The changes in tidal prism may alter the seepage patterns in Cayou Valley Lagoon. The site 
monitoring plan should address the effect of changes in base flow on any pollutant inputs from 
septic systems or waterfowl. 

These effects, together with other sedimentation issues, will be evaluated during PED. 

3-2.1.11 Groundwater conditions 

It is likely that, because of upstream impoundments, the primary source of freshwater into the inlet is 
from groundwater seepage (DHRPT, 2005). It is suggested in the DHRPT report that the water detained 
in the farm ponds and reservoirs contributes to the baseflow. During sampling in December 2003, salinity 
in the Cayou Valley Lagoon ranged from 5 to 22 parts per thousand (ppt) near the northern shoreline. 
Near the center of the lagoon, salinity was measured between 28 and 30 ppt. Seepage patterns are visible 
along the eastern shore of the lagoon during low tide. Water well logs show the phreatic surface within 10 
to 20 feet of ground level near Cayou Valley Lagoon.  

3-2.1.12 Preliminary project regulation plan 

No water control facilities are planned as part of this site. (Not applicable.) 

3-2.1.13 Preliminary Real Estate taking line elevations 

The current real estate limits are delineated by the construction area, staging areas, and access roads and 
do not include the entire potential area of hydraulic effects. Real estate assumptions, valuations, and 
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planning documents have been appropriately scaled for the current level of design. The area of potential 
hydraulic effects for Deer Harbor Estuary is dominated by storm surge. While the widening of the bridge 
opening will affect the timing of flows and exposure to salinity in Cayou Valley Lagoon, flood elevations 
are not anticipated to change. Salinity effects that might result in consequences for real estate will be 
reviewed during PED. As additional surveys, modeling, and design are completed during the PED phase, 
the real estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, Appendix F, Real Estate Plan. 

3-2.1.14 Criteria for facility/utility relocations 

No hydraulic impacts from relocation of utilities are anticipated for this site. (Not applicable.) 

3-2.1.15 Criteria for identification of flowage easements required for project function 

No flowage easements are anticipated for this site. This will be reviewed and confirmed during PED. 

3-2.1.16 Criteria in support of project OMRR&R requirements 

Monitoring needs associated with the hydraulic function of the site are as follows: 

• New bridge abutments should be monitored for signs of excessive or accelerating scour at an 
interval to be determined during PED. 

• Shoreline areas at the northern end of Deer Harbor will require periodic monitoring to observe 
whether excessive sedimentation is occurring that affects either habitat or stakeholder properties. 

• Salinity and pollutant monitoring in Cayou Valley Lagoon should conducted to confirm no 
significant impacts to water quality. 

3-2.1.17 Environmental engineering considerations 

In the context of hydrology and hydraulics, environmental engineering is taken to mean water supply and 
sanitation. 

Water Supply 

No water supply lines would be affected by the restoration. It is unlikely that any private groundwater 
wells will be affected by salinity intrusion from increased tidal prism. Location and depth of any wells in 
the area of potential hydraulic effect will be reviewed during PED. 

Sanitation 

The properties surrounding the site are on septic systems. A single high fecal coliform reading in Cayou 
Valley Lagoon in December 2003 may indicate that action is needed to locate the origin of the pollutant. 
This is not part of the present scope of work at this site. The extent to which changes in tidal prism will 
affect groundwater flow will be addressed during PED. 

3-2.2 Residual Flooding Consequences – With Project Flooding 
This section discusses the predicted hydraulic conditions after construction at the site. 

3-2.2.1 Warning time of impending inundation 

The Deer Harbor Estuary is presently an ungaged catchment area. Aside from regional warnings for 
possible flooding, no warning system is planned. (Not applicable.) 

3-2.2.2 Rate of rise, duration, depth, and velocity of inundation 

Flooding in the Deer Harbor Estuary is dominated by tides and storm surge. With the increased bridge 
opening, the rate of rise as well as duration and depth of inundation in Cayou Valley Lagoon during flood 
events will closely match those in the outer parts of Deer Harbor. Increased tidal prism will result in 
somewhat higher ebb velocities near the new bridge. The hydraulics of a widened and deepened bridge 
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opening were examined by ESA PWA (2011). The report indicates that velocities and bed shear stress are 
low enough during the 100-year flood event that significant erosion and scour are not likely. These results 
will be confirmed during PED. 

3-2.2.3 Historic, 1% and 0.2% exceedance (100-year and 500-year) flood extents 

Flooding in the Deer Harbor Estuary is dominated by tides and storm surge. Discharge from the local 
watershed does not significantly affect peak water levels, even for the estimated 100‐year event. Historic 
flood extents for this site are not available. The high tide of record at Friday Harbor tidal datum (Gauge 
Station 9449880) on nearby San Juan Island is reported as 10.62 feet (NAVD88) (DHRPT, 2005). The 
base flood elevation for Deer Harbor as determined by USACE is 13.7 feet (NAVD88). The 100-year flood 
elevation will be reviewed during PED and revised if necessary.  It is not anticipated that a 500-year 
flooding analysis is needed at this site since there no critical structures within the vicinity. 

3-2.2.4 Access and egress problems created by flooding 

The work at the site will raise the bridge elevation and approaches which will reduce the possibility of 
access issues during floods. 

3-2.2.5 Potential for loss of life as a result of 3-2.2.1 through 3-2.2.3 

The potential for loss of life as a result of the proposed work at the site is low and does not represent a 
substantial change from the current conditions. 

3-2.2.6 Identification of any potential loss of public services 

The potential for loss of public services as a result of the restoration is low. Since the restoration will raise 
the bridge elevation and approaches, this reduces the possibility of access issues and utility disruption 
during floods. 

3-2.2.7 Potential physical damages 

Potential physical damages that can occur during flooding will be addressed by the hydraulic analysis 
conducted during PED. This will include an evaluation of the need for scour protection on bridge 
abutments and the issue of sediment outflow from Cayou Valley Lagoon. 

3-2.3 Project Induced Flooding – Change from Pre-Project Conditions 
This section describes the effects of the site on flood elevations, flood patterns, and flood frequency. 

3-2.3.1 Information categories required by 3-2.2 

Flooding in the Deer Harbor Estuary is dominated by tides and storm surge. Discharge from the local 
watershed does not significantly affect peak water levels, even for the estimated 100‐year combined 
stream flow and tidal event (ESA PWA, 2011). The widening of the bridge opening is not anticipated to 
change flood elevations from pre-project conditions. 

3-2.3.2 Anticipated frequency of induced flooding 

The restoration is not expected to change the frequency of flooding or the 100-year flood limits. 

3-2.4 Inundation Risk 0.2% Exceedance (500-year Return Interval) Flood 
The restoration is not expected to change the 500-year flood limits in Deer Harbor Estuary. The principal 
risk for the 500-year flood in this area is due to sea level change (refer to Section 3-2.1.9). 
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3-2.5 Hydraulic Studies  
This section discusses the hydraulic studies, construction considerations, and instrumentation and 
monitoring needs for the site. The anticipated hydraulic studies at this site are summarized in Section 3-
21. 

3-2.5.1 Hydraulic roughness determinations 

No hydraulic roughness determination is planned. (Not applicable.) 

3-2.5.2 Water surface profiles 

Since Deer Harbor and Cayou Valley Lagoon are dominated by tides, no water surface profile 
determinations are currently planned. If water surface profiles are required to assess ecological response 
to diurnal tidal fluctuations, these will be addressed during PED. 

3-2.5.3 Stage-discharge relationships 

ESA PWA (2011) assessed the time varying response of water levels in Cayou Valley Lagoon to tidal 
fluctuation as well as to extreme coastal storm and stream discharges. The enlargement of the bridge 
opening will result in lower ebb tide water levels and enable the rising flood tide water levels to increase 
without the time lag seen for the existing restricted opening. No additional water level determinations are 
planned. 

3-2.5.4 Head loss 

No head loss studies are planned. (Not applicable.) 

3-2.5.5 Flow and velocity 

Flow and velocity information from the ESA PWA (2011) hydraulic analysis will be used to assess the 
possibility for sediment transport, scour, and bank erosion in the site area during PED. 

3-2.5.6 Structural sizing needed to meet design capacity including slope protection 

During PED, the hydraulic analysis conducted by ESA PWA (2011) will be used to evaluate the need for 
slope protection on bridge abutments. 

3-2.5.7 Water control facilities 

No water control facilities are proposed. (Not applicable.) 

3-2.5.8 Energy dissipating facilities 

No energy dissipation facilities are proposed. (Not applicable.) 

3-2.5.9 Erosion control requirements 

Construction 

No dredging or water-based equipment is currently proposed. Since existing underwater rock armor and 
bank fill material will be removed from the current bridge opening, appropriate in-water sediment control 
measures such as a turbidity curtain will need to be used during construction. Any in-water or overwater 
construction should follow accepted best management practices for erosion control. 

With Project 

The hydraulic analysis conducted during PED will include the need for erosion control on bridge 
abutments. No erosion control is anticipated outside of the construction boundaries since the goal is to 
reestablish natural erosion and sedimentation processes. 
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3-2.5.10 Existing and post-project sedimentation 

The removal of the channel restriction at the bridge will allow the mobilization of sediments that have 
been impounded upstream of the bridge opening. Shoreline properties and habitat in Deer Harbor will 
likely experience some temporary increases in sedimentation as these sediments are transported offshore. 
The amount and potential areas of sedimentation have been evaluated by DHERPT (2005) and ESA PWA 
(2011). These estimates will be reviewed during PED. Monitoring of sedimentation after the bridge 
replacement is addressed in Section 3-2.5.14. 

3-2.5.11 Water control and order of work during construction 
The existing bridge has a 50-foot span and is constructed of creosoted timbers supported by two rows of 
creosoted wood pilings. The depth of the pilings has not been determined. Removal of timber piles is 
typically accomplished by cutting or breaking them at the ground line. If vibratory pile extraction is used, 
measures should be taken to minimize the loosening of soil and suspension of sediments into the 
surrounding waterway. In a sensitive marine environment, more careful excavation around each pile and 
cutting a certain distance, a foot or more below ground line, may be required. The existing timber bridge 
piles are treated with creosote, which may limit potential disposal sites. A crane positioned on one end of 
the bridge will be required to set the concrete bridge spans in place. 

3-2.5.12 Criteria for facility/utility relocations 

No hydraulic impacts are anticipated from utility relocations.  See Section 3-2.1.14 for a description of the 
anticipated utility relocations. 

3-2.5.13 Other facilities to meet project goals 

No other facilities are required in order to meet project goals. (Not applicable.) 

3-2.5.14 Instrumentation and monitoring 

A combination of field surveys and aerial photographs will be used to document biological and physical 
changes to the landscape. Monitoring data can be used to refine adaptive management and corrective 
measures, as needed. Some of the key monitoring needs and opportunities are summarized in the table in 
the Feasibility Study. 

3-2.6 Coastal Studies 
The Cayou Valley Lagoon is located in a relatively sheltered area of Deer Harbor and is only subjected to 
wind waves caused by local winds. Measurements at nearby Friday Harbor (Figure 3-2-4) show that the 
maximum wind speeds come from the southeasterly direction and rarely exceed 30 miles per hour. The 
fetch length in the southerly direction is approximately 1.1 miles, which could result in wave heights up to 
2 feet with a period of 3 seconds. The impact of wind waves is generally limited to the outer portion of the 
estuary, well below the restoration site, and is not expected to have a significant effect on the restoration. 
The influence of wind wave activity, storm surge and wave setup will be evaluated during PED. 
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Figure 3-2-4. Wind Rose for Friday Harbor 

Project plans formulated during the conceptual design phase for Deer Harbor are based on a Mean Higher 
High Water tidal datum of 7.23 feet (NAVD88). This datum is from the tide gauge at Friday Harbor 
(Gauge 9449880). Major tidal datums are summarized in  

 

Table 3-2-4. The final design tidal datums will be reviewed and established in PED. 

 

Table 3-2-4. Major tidal datums for Deer Harbor (Gauge 9449880) 

Datum Description  Water Level   
(ft, NAVD88) 

Mean Higher-High Water (MHHW) 7.23 
Mean High Water (MHW) 6.58 

Mean Tide level (MTL) 4.17 
Mean Sea Level (MSL) 4.02 

Mean Diurnal Tide Level (DTL) 3.35 
Mean Low Water (MLW) 1.76 

North American Vertical Datum of 1988 (NAVD88) 0 
Mean Lower Low Water (MLLW) -0.53 

A summary table for the anticipated coastal studies at this site is presented in Section 3-21. 

3-2.6.1 Design of coastal shore protection projects (ER 1110-2-1407) 

This site does not include coastal shore protection. (Not applicable.) 

3-2.6.2 Effects on adjacent shores 
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Downstream of the site, the shoreline transitions from an open coastal inlet to a mixture of rocky 
platforms and pocket beaches. The primary risk related to restoration at the site is an increase in sediment 
loading which could affect downstream intertidal and subtidal habitats in the coastal inlet portion. The 
rocky platforms and pocket beaches downstream of the inlet are expected to be minimally if at all affected 
by the restoration. The effects on downstream and intertidal habitat should be evaluated during PED, 
using results from the ESA PWA (2011) study and study results from similar inlets in Puget Sound. 

3-2.7 Navigation Projects 
This site does not affect navigation. (Not applicable.) 

3-3 SURVEYING, MAPPING, AND OTHER GEOSPATIAL DATA 
REQUIREMENTS  

This section describes surveying, mapping, and other geospatial data information to support preparation 
of the Feasibility Study and the Real Estate Plan (Appendix F of Feasibility Study). A brief outline of 
additional surveying and mapping required for subsequent design, plans and specifications, construction, 
and operations is also included. 

3-3.1 Surveying, Mapping, and Other Geospatial Data Information Used 
Geospatial data for the Deer Harbor site were obtained primarily from remote sensing applications. 
LiDAR, aerial imagery, and other geospatial data were used to delineate topographic features, determine 
surface elevations, and to estimate areas, volumes, lengths, and other dimensions of key features using 
CAD and/or ArcGIS. High-resolution LiDAR was obtained from the Puget Sound LiDAR Consortium 
(2009 LiDAR; 1 m grid; State Plane projection in NAD83 [horizontal datum] and NAVD88 [vertical 
datum]; available at http://pugetsoundlidar.ess.washington.edu/lidardata/index.html). The Puget Sound 
Digital Elevation Model was used for combined bathymetry and topography of the Puget Sound lowland 
(Finlayson D.P., 2005; University of Washington; State Plane projection in NAD83 [horizontal datum] 
and NAVD88 [vertical datum]; available at http://www.ocean.washington.edu/data/pugetsound). Recent 
aerial photography (USDA, 08/02/2009, 1 m resolution, 7.07 m accuracy) was evaluated to determine 
recent site conditions. The conversion from Mean Lower Low Water to North American Vertical Datum 
(NAVD88) and to the NGVD29 datum was derived from the Friday Harbor tide gauge (#9449880).  

Information on land ownership was derived from the Washington Public Lands Database. Additional 
parcel data, including parcel boundaries, was obtained from the San Juan County assessors’ office (2010). 
Information on utilities, existing roadway geometry, and other site features was generally scaled off of 
aerial photographs, although as-built drawings of the existing bridge were also available at this site. A site 
reconnaissance was performed in September 2010.  

Designers consulted the Nearshore Geodatabase for additional site context. The Nearshore Geodatabase is 
available from the Washington State Geospatial Data Archive at: 
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP. Metadata are provided in the 
Geospatial Methodology Used in the PSNERP Comprehensive Change Analysis of Puget Sound (Anchor 
QEA et al., 2009) (see Annex B). The geodatabase includes numerous datasets listed below: 

• Shoreline • Overwater structures 

• Bathymetry • Marinas 

• Digital Elevation Model (DEM) • Armoring 

• LiDAR (terrestrial) • Breakwaters/jetties 

• Oblique aerial imagery (from the Washington 
Coastal Atlas) 

• Groins 

http://pugetsoundlidar.ess.washington.edu/lidardata/index.html
http://www.ocean.washington.edu/data/pugetsound
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP
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• Hydrographic sheets  • Dikes 

• Geology • Dams 

• Slope stability • Nearshore fill 

• Drift cells (net shore-drift) • Roads 

• Streams • Railroads 

• Impervious surfaces • Land cover 

Designers also consulted the University of Washington Puget Sound River History Project 19th Century 
Coast Survey Topographic Sheets (2009) for information on historical geomorphic conditions. Conceptual 
designs were intended to replicate historical conditions and remove stressors to nearshore processes to 
the extent practicable and feasible; as a result these datasets informed the selection of restoration 
strategies and features. Designers created additional GIS data layers (point files, line files, and polygon 
files) to represent civil design features such as areas of lowland excavation to be depicted on the plan view 
drawings. Designers also created simple line drawings in CAD to represent typical sections and estimate 
quantity take-offs but did not do any surface modeling.  

3-3.1.1 Additional survey and mapping required 

Substantial additional information will be required at the preliminary and later design stages to refine the 
design assumptions, confirm real estate requirements, and develop plans and specifications. Additional 
survey, mapping, and other geospatial data needs include the following: 

• Property/Utility Survey – More detailed information on property boundaries and utilities will be 
needed to finalize the design and support real estate negotiations.  

• Topographic/Bathymetric Survey – The conceptual design was based on LiDAR and aerial 
photos, which have inherent inaccuracies. Site-specific topographic and bathymetric survey data 
will be needed to refine design of key project elements and develop detailed construction and 
demolition plans. Survey data could also be used as a baseline for pre- and post-construction 
modeling. A temporary tide gauge may be required in the early design stages to obtain site-
specific tidal statistics.  

3-3.1.2 Timeline for incorporation of new mapping or other geospatial data 

Planning, design, and implementation are expected to take several years. The site-specific surveys 
identified above are standard components of the design process and should be completed in the early 
stages of PED to ensure that the design work proceeds efficiently. Incorporating these data into the design 
process is not expected to delay the project. 

3-4 GEOTECHNICAL  
This section describes the geologic setting of the site, previous and recommended studies, and proposed 
geotechnical explorations relevant to design features. 

3-4.1 Geotechnical Information Used  

3-4.1.1 Regional and site geology 

The Washington State Department of Ecology (Ecology) Geologic Map of the San Juan Islands (1975) 
maps glacial deposits and intrusive rock at the site. The intrusive rock is part of the Turtleback Complex 
(Qt) from the late Ordovician era and consists mainly of gabbro and quartz diorite. Glacial deposits (Qu) 
include glaciomarine drift, till, stratified outwash, and deltaic beds. Bridge abutments are likely to be 
located on glacial deposits. The geologic map for this area is shown in Figure 3-4-1. 
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Figure 3-4-1. Geologic Map of Deer Harbor 

The Soil Survey of San Juan County, Washington maps four soil types in the vicinity: Beaches-tidal 
association, Coveland loam, Coupeville loam, and Cady-Rock outcrop (Regan, 2009). The Cady-Rock 
outcrop is likely part of the Turtleback Complex and is mapped to the west of the site. The outcrop is 
indentified as fine sandy loam over unweathered bedrock consisting of glacial drift mixed with colluvium 
from metasedimentary bedrock. Coveland and Coupeville loams are observed in valleys and consist of 
sand loam to silt loam and silty clay loam, respectively, and derive from glacial drift over dense 
Glaciomarine deposits. 

According to the Ecology website, there are three residential wells within 700 feet of the east abutment of 
the proposed bridge. Two wells are 700 feet east and one well is 700 feet southeast. The three wells vary 
from 105 to 170 feet in depth and were drilled in 1973, 1999, and 2010. Typical profile has topsoil from 1 
to 2 feet, clay from 2 to 14 feet, and rock from 14 feet to bottom of hole. Wells are located 37 to 40 feet 
above mean sea level (Ecology, 2003).  

3-4.1.2 Completed explorations 

No subsurface explorations have been completed for this site. All subsurface information is based on 
research of soil surveys, geologic mapping, and well logs available from Ecology. See Section 3-4.3 for the 
proposed subsurface exploration plan. 

3-4.1.3 Selection of preliminary design parameters 

Based upon research of the soils and geology in the vicinity, subsurface soils are likely to consist mostly of 
silty sands and gravels overlying till and bedrock. Clay was observed in the nearby terraces but is not 
anticipated at the location of the bridge foundations. Preliminary design parameters have been selected 
for the soil types that are likely to be observed at the bridge foundation locations. Table 3-4-1 provides a 
range of preliminary design values for the anticipated soils in the foundation locations.   
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Table 3-4-1. Preliminary design parameters 

Soil Description 
Depth 
Range 
(feet) 

Unit Weight, γ 
(pcf) 

Friction 
angle, ϕ’ 

Adhesion 

Ca (ksf) 

Loose to medium dense, silty sand 
with gravel 

0 – 20 115-125 30˚-32˚ - 

Till 20 – 100 125-135 - 1-1.5 

Groundwater table was assumed at the ground surface. Bedrock is likely to be encountered within upper 
50 feet. Bedrock outcroppings are mapped in the site vicinity. 

3-4.1.4 Geophysical investigations 

No geophysical investigations have been conducted or are recommended. (Not applicable.)  

3-4.1.5 Groundwater studies 

No groundwater studies have been conducted for geotechnical design. Groundwater elevation is 
dependent on flows from Fish Trap Creek and the water surface elevation of Puget Sound. For 
geotechnical design purposes the groundwater will be assumed at the ground surface when considering 
the bridge foundations. See Section 3-2.1.11 for groundwater conditions. 

3-4.1.6 Recommended instrumentation 

No instrumentation is recommended for this project. (Not applicable.) 

3-4.1.7 Earthquake studies  

In accordance with Table 20.3-1 of the 2010 American Society of Civil Engineers (ASCE) 7, a Site Class B 
is recommended for this site when considering the average of the upper 100 feet. According to the 2008 
United States Geological Survey (USGS) Earthquake Hazards website 
https://geohazards.usgs.gov/deaggint/2008/, the Peak Ground Acceleration (PGA) predicted for the site is 
0.356 g, and the maximum considered earthquake (MCE) ground motions for the site are Ss=0.781 g and 
S1=0.281 g. In accordance with Tables 11.4-1 and 11.4-2 from ASCE 7, Site Coefficients Fa and Fv are 1.1 
and 1.5, respectively for a Site Class B. Therefore the adjusted MCE ground motions are SMS=0.859 g and 
SM1=0.421 g. The return interval for these ground motions is 5 percent probability of exceedance in 50 
years (975 years). See figure 3-4-2 below for earthquake deaggregation output. 

Seismic design for deep foundations and bridge abutments will be performed in accordance with the 
Washington State Department of Transportation (WSDOT) requirements and the American Association 
of State Highway and Transportation Officials (AASHTO) Load and Resistance Factor Design (LRFD) 
Seismic Design Specifications. (AASTHO specifies 7% in 75 years, which is comparable to USGS 5% in 50 
years.) 

https://geohazards.usgs.gov/deaggint/2008/
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Figure 3-4-2. Deaggregation plot for Deer Harbor 

3-4.1.8 Preliminary engineering analysis 

The existing 52-foot timber bridge was built in 1971. It has three spans, the largest 18 feet, and is 
supported on timber piles; the pile diameter is unavailable at this time. There are four piles in each pier, 
with an embedment depth sufficient to develop a minimum load-bearing capacity of 20 tons (at least 20 
feet embedment). 

The proposed 110-foot-long, single-span, concrete I-girder bridge will be supported by deep foundations. 
Preliminary foundation estimates were included in the conceptual design for cost estimating purposes. 
The foundation design assumed four, 4-foot-diameter drilled shafts at 12-foot spacing with a 100-foot 
embedment depth at the abutments. No intermediate piers are expected for the proposed bridge. 

Drilled shafts or driven piles are acceptable foundation alternatives for the proposed bridge. However, if 
rock or till is encountered at a shallow depth under the bridge abutments, drilled shafts socketed in rock 
will be the preferred alternative because driving piles in such subsurface conditions will be difficult. 
Shallow foundations are not a preferred option due to potential seismic loading and scour.  

A preliminary estimate of foundation capacity using the lower range of the parameters in Table 3-4-1 was 
used as a check on the foundation design from the conceptual design. See Table 3-4-2 for results of the 
estimate. 
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Table 3-4-2. Preliminary Foundation Axial Capacity Estimate 

Feature Description  

Bridge 
 
 
 
 

Total length (feet) 110 
# of spans x Approx. span length (feet) 1 x 110 
Approximate width (feet) 47 
Dead load x 1.25 [LRFD strength I] (kips) / pier1 1,500 
Live load  x 1.75 [LRFD strength I] (kips) / pier2 350 

Foundation Type Drilled shaft 
Diameter (inch) 48 
# piles / pier 4 
Depth (feet) 100 

Load Estimated static loading demand (kips) 500 
Capacity Estimated pile capacity (kips) 2,000 

Sufficient capacity OK 
1 Dead load estimate is based on conceptual design bridge dimensions 2 Live load estimate is based on HS-20 Truck + 
0.64k/ft lane 

The foundation capacity estimate is preliminary without any site-specific subsurface information. Upon 
completion of subsurface explorations, foundation should be designed using encountered subsurface 
conditions. Foundation design will include drilled shafts and driven piles as a comparison if deemed as a 
valid alternative. If soils with the potential for liquefaction are present in the foundation, the depth of the 
drilled shafts or driven piles may increase. Likewise, if bedrock is encountered the depth of the drilled 
shafts will significantly decrease. Seismic loading, liquefaction potential, and scour are not included in the 
current conceptual level design. 

Slope stability analysis has not been evaluated. Slope stability analysis at either end of the approach 
embankments may be performed upon completion of the design and geometrical configuration of the 
bridge. Ground improvements may be required at the bridge abutments/roadway approaches if 
liquefiable soils are encountered. 

3-4.1.9 Excavatability analysis  

Excavation of the existing channel and bridge abutments will be required to construct the proposed 
bridge. According to the conceptual design, approximately 400 CY of rock armor (12- to 24-inch riprap) 
was placed in the bed of the channel as scour protection for the bridge. In addition, significant fill will be 
excavated from the existing bridge embankment to widen the channel. No explorations or construction 
records were located for the embankment, and therefore the embankment material is unknown. Based on 
soil and geology maps, it may be assumed that the embankments consist of a combination of compact silt, 
sand, and gravel. Excavation of riprap and fill may be accomplished using an excavator.  

Bedrock is potentially present near the surface and may need to be excavated to meet the desired channel 
configuration. The anticipated amount of rock could be small, and rock excavating equipment may be 
necessary with the unlikely need for blasting. According to construction records for the existing bridge, 
bedrock was not encountered within 20 feet of the ground surface. 
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3-4.1.10 Anticipated construction techniques and limitations 

Complete closure of the existing bridge during construction is not an option since there is no alternative 
access route for residents west of the bridge. One-way traffic would need to be maintained during 
construction of the new bridge, with short-term closures periodically. The proposed construction method 
is to cut the existing bridge in half, remove the north half, and reinforce the south half. This will allow for 
construction of the new bridge.  

Demolition of the existing bridge and embankments will likely require a crane and excavator. The existing 
bridge superstructure and piles will be removed by crane. The timber piles will likely be vibrated out of 
the ground or the piles may be cut at the ground surface. Removal of timber piles is typically 
accomplished by cutting or breaking them at the ground line. In a sensitive marine environment, more 
careful excavation around each pile and cutting a certain distance, a foot or more below ground line, may 
be required. The existing timber bridge piles are treated with creosote, which may limit potential disposal 
sites. The existing fill embankments and armoring will be removed by excavator. 

Land-based drilling augers or pile-driving rigs will be used to install the deep foundation at the bridge 
abutments. Work is anticipated to require land-based pile-driving rigs or large augers, excavators, cranes, 
concrete trucks, and dump trucks.  

The type of deep foundation will be confirmed during PED once subsurface explorations have been 
completed. It is assumed that drilled shafts will be used to support the proposed vehicle bridge. Due to the 
presence of soft and caving soils and anticipated high goundwater, either casing or wet method is 
recommended for construction of drilled shafts. Upon completion of the shaft excavation, the hole is 
cleaned and the reinforcing steel cage is placed to the bottom of the hole. The casing is then carefully 
extracted, fully or partially, leaving a top segment to facilitate column installation and concrete is cast. 
Once the shafts are installed, the columns are cast, and pilecaps and bridge superstructure are 
constructed.  

There are several utilities within this site that will need to be relocated. Utility configuration and design 
will be determined through coordination with service providers; see Section 3-6.3 for utility relocation 
information. 

See Section 3-6.1.2 for additional construction information. 

3-4.1.11 Potential borrow sources and disposal sites 

No borrow or disposal areas have been identified within the site. Approximately 600 CY of borrow will be 
required. Borrow/fill for the roadway transitions will likely come from a local quarry. Over 2,000 CY of 
material will require disposal. A disposal site for creosote-treated piles has not yet been identified. Offsite 
disposal and borrow sites should be investigated during later stages of design.  

3-4.1.12 Potential sources of concrete and materials 

Preliminary investigations indicate that there is only one concrete-ready mix batch plant and one quarry 
located on Orcas Island. The pre-cast bridge girders will need to be shipped to the island.  

3-4.1.13 Suitability of concrete and materials 

Suitability of concrete and materials will be evaluated at later stages of design or during construction. 

3-4.2 Additional Studies and Analysis 
Additional studies and analysis to be completed during PED or subsequent phases of design include the 
following at a minimum: 

• Geotechnical Investigation: subsurface explorations, testing, and field reconnaissance 

• Foundation Design: static and seismic analysis according to AASHTO LRFD 

• Abutment Stability: include potential for liquefaction and ground improvement 
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• Pavement Design: new roadways and approaches (include traffic analysis for Equivalent Single 
Axle Loads (ESALs)) 

• Scour Study: at roadway embankments and bridge abutments 

3-4.3 Additional Explorations and Testing 
The proposed subsurface exploration plan consists of drilling borings at the proposed 110-foot bridge 
abutments. In addition, test pits should be conducted along the roadway transitions for at-grade 
construction and pavement design. For the roadways, test pits shall be spaced approximately every 250 to 
500 feet. Based on research of the site and preliminary foundation design, the bridge borings should be a 
minimum of 150 feet below the ground surface and test pits a minimum of 10 feet. The preferred 
exploration method for the borings is mud rotary. Test pits will be accomplished with a backhoe or small 
excavator. 

Sampling in the soil borings will be accomplished using standard penetration test with samples taken 
typically every 2.5 feet for the top 25 feet and every 5 feet for the rest of the boring depth. Proposed soil 
lab testing will include moisture content, grain size analysis, and percent finer than #200 sieve. Atterberg 
limits and consolidation tests are recommended for cohesive soils, and unconfined compressive strength 
test for rock cores. 

The subsurface exploration plan should be reevaluated and coordinated with hazardous and toxic material 
investigations during PED to include chemical sampling and testing; see Section 3-9.  

3-4.4 Laboratory-Testing Program and Evaluations 
No laboratory testing or evaluation of materials has been completed at this time. 

3-5 ENVIRONMENTAL ENGINEERING 
This section describes environmental engineering factors relevant to the proposed design features. 

3-5.1 Use of Environmentally Renewable Materials 
At the conceptual design stage, use of environmentally renewable materials is not planned. If renewable 
materials are available, they could be incorporated into the design. Specific details will be developed 
during subsequent design stages. 

3-5.2 Design of Positive Environmental Attributes into the Project 
The Deer Harbor Estuary site was selected to address Coastal Inlet restoration objectives to restore tidal 
flow processes in coastal inlets, and restore freshwater input and detritus transport processes. The 
proposed restoration at Deer Harbor Estuary entails widening the mouth of the inlet to allow full tidal 
flushing, which will require replacing the bridge, footings, and fill with a wider bridge span over the 
mouth of the inlet. This action also involves removing fish passage barriers, restoring freshwater flow in 
the inlet tributaries, and planting riparian vegetation. Removal of the creosote timber bridge will decrease 
contaminant loading to the estuarine environment.  

3-5.3 Inclusion of Environmentally Beneficial Operations and Management for 
the Project 

Design and construction will incorporate sustainable and ISO 14000 compliant practices for operations 
and management. The USACE Environmental Operating Principles (EOPs) are designed to provide 
direction on achieving better stewardship of air, water, and land resources while showing the connection 
between managing those resources and protecting environmental health. The EOPs are to ensure that 
USACE actions consider the environment and are sustainable now and in the future. 
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3-5.4 Beneficial Uses of Spoil or Other Project Refuse During Construction and 
Operation 

At the conceptual design stage, beneficial uses of spoil or other refuse are not planned. If spoils or other 
refuse materials are available for reuse, they could be incorporated into the design. Specific details will be 
developed during subsequent design stages.  

3-5.5 Energy Savings Features of the Design 
At the conceptual design stage, energy savings features have not been incorporated. In accordance with 
the EOPs, energy savings features will be a component of the design to the maximum extent practicable. 

3-5.6 Maintenance of the Ecological Continuity in the Project with the 
Surrounding Area and Within the Region 

The restoration will increase ecological continuity in the site and with the surrounding area. This is one of 
several restoration sites designed to restore the productivity and increase interconnectivity of the Puget 
Sound ecosystem. 

3-5.7 Consideration of Indirect Environmental Costs and Benefits 
Indirect environmental costs and benefits will be evaluated during environmental assessments developed 
for each project at a later date. 

3-5.8 Integration of Environmental Sensitivity into All Aspects of the Project 
Construction will be conducted to ensure no deleterious impacts to the ecosystem will occur over the long 
term. Best management practices will be incorporated into the contract documents. Most management 
practices will cover erosion and sediment control, stormwater management, spill response and hazardous 
material management, trash and debris management, air emissions from construction vehicles, and noise 
standards. 

3-5.9 The Perusal of the Environmental Review Guide for Operations (ERGO) 
with Respect to Environmental Problems that Have Become Evident at 
Similar Existing Projects and, Through Foresight During this Design 
Stage, Have Been Mitigated/Addressed in the Project Design 

This is not a USACE operating facility. (Not applicable.)  

3-5.10 Incorporation of Environmental Compliance Measures into the 
Project Design 

All applicable laws and regulations will be followed during design and construction in accordance with the 
USACE contract documentation.  

3-6 CIVIL DESIGN 
This section discusses the key elements of the civil design, including the selection of the site, basis of 
design, and constructability. 
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3-6.1 Site Selection and Project Development 
Restoration of the Deer Harbor Estuary represents an opportunity to restore the largest open coastal inlet 
on Orcas Island in the San Juan Islands. The proposed restoration includes removal of the existing 
Channel Road bridge; excavation of fill to restore tidal flow, sediment supply, sediment transport, and 
tidal channel formation; and construction of a new 110-foot-long single-span bridge. The existing timber 
bridge is approximately 50 feet long. The existing roadway at the water’s edge is showing signs of 
subsidence due to scour, and trees at the edge of roadway are compromising the subgrade of the road due 
to root penetration. Complete removal of the road and bridge was determined to be unacceptable because 
there is no feasible alternative access route to the houses west of the bridge. In addition, a restoration 
alternative that proposed a shorter bridge span, but kept the existing roadway alignment that deviates 
from the County’s standard road curvature criteria, was considered but not selected for detailed analysis; 
see Chapters 4 and 5 of the Feasibility Report for a complete discussion of the evaluation of alternatives. 

Table 3-6-1 shows the key design elements associated with the proposed restoration. Annex 1 contains 
exhibits that depict the proposed restoration and quantity estimates for design elements. 

Table 3-6-1. Key Design Elements 

Item Description of Item Approx. 
Quantity 

Remove Channel Road 
Bridge  

Remove existing 50-foot timber bridge (51 LF x 20 feet) 1,020 SF 

Excavate Roadway and 
Embankment Fill  

Remove pavement on Channel Road (570 LF x 20 feet) and 
Lichen Lane (265 LF x 15 feet) 

15,375 SF 

Excavate roadway embankment fill (upland); assume 55 LF (35 
LF on east side, 20 LF on west side of bridge) x 605 SF 
average/typical area (above 4 feet NAVD88) 

1,250 CY 

Remove Sediments at 
Inlet 

Excavate lowland areas at channel opening; assume 17,050 SF 
area x 1.25 feet average height   

800 CY 

Remove Other 
Nearshore Debris 

Remove riprap lining channel and rock slope protection for 
existing bridge; assume 6,500 SF area x 1.66 feet average height 
(thickness estimated as riprap varies in size from 3-foot rock 
boulders to quarry spall; no subsurface data exist) 

400 CY 

Remove creosote-treated timber piles in bridge and abutments 16 piles 

Build New Bridge Build new Type 2 concrete girder bridge (see Section 3-7 for 
additional description) 

110 LF 

Build New Roadway 
Alignments  

Build new Channel Road alignment to meet design standards, 
20-foot minimum width with 8-inch asphalt and 12-inch base.  

16,970 SF 

3-6.1.1 Basis of design 

The existing timber bridge, fill, and armor have constrained the mouth of the inlet both horizontally and 
vertically. This has reduced the tidal prism and degraded tidal flow, sediment transport, and channel 
formation and maintenance. Expanding the inlet opening through bridge removal and replacement with a 
longer span bridge would restore these habitat-forming processes. The restoration of this site is designed 
to reestablish natural geomorphic conditions. The civil design is based in part on historical conditions as 
evidenced by 19th Century Coast Survey Topographic Sheets (Figure 3-6-1). In other words, post-
restoration site conditions are intended to resemble or replicate the historical morphology. The inlet 
mouth historically measured 90 to 110 feet wide at mean high water, compared to its current width of 
approximately 50 feet, with substantially lesser widths at intertidal elevations. 
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Figure 3-6-1. Historic Map (T-Sheet) and River History Project Data  

The proposed new bridge would be a 110-foot, single-span bridge constructed of pre-cast concrete girders. 
Section 3-7 describes the bridge in detail. The 110-foot-long span will restore natural processes, while a 
longer bridge would not provide additional benefit, except perhaps in a very high sea level change 
scenario. Therefore, a longer span was not selected. The span length will be further analyzed using results 
of subsurface explorations conducted during PED. 

To rehabilitate the tidal inlet opening, accreted beach sediment and lowland fill would be removed from 
the inlet area. The new channel bottom would be at a minimum depth of +1.5 feet Mean Lower Low Water 
(+1.0 feet NAVD 88) (see Section 3-3.1 for data sources used during conceptual design). Upland fill, 
pavement, and vegetation would also be removed in association with widening the inlet to 110 feet. Riprap 
armoring the channel and stabilizing the side slopes of the existing bridge would also be removed to 
increase tidal exchange. The riprap and fill have reduced the inlet depth under the bridge. 

The existing road geometry is substandard. The proposed alignment will be parallel to the existing bridge 
structure and will meet the County’s full design standard for the horizontal curvature of the roadway. The 
Channel Road alignment will be shifted to the north, or landward, from its current location to take 
advantage of available existing right-of-way. Additional curves will be incorporated where the proposed 
alignment matches existing to push the roadway to the north (where there is available right-of-way) and 
to the west of the existing bridge (resulting in less impact to the beach) as compared to an alignment that 
was shifted waterward.  

Lichen Lane will be realigned to intersect Channel Road west of the new bridge. Lichen Lane, a local 
access road, will be designed to San Juan County standards and will include two 10-foot-wide lanes, each 
lane having a 1-foot shy distance. This will result in additional right-of-way impacts and costs to 
reconstruct Lichen Lane on a new alignment. The vertical alignment of Lichen Lane will also be raised to 
match into the raised alignment of Channel Road.  

Refer to the exhibits in Annex 1 for a complete depiction of restoration elements and the quantities and 
dimensions used in cost estimation. 

3-6.1.2 Constructability 

One-way traffic would need to be maintained during construction of the new bridge, although short-term 
closures would be required. To maintain at least one lane of traffic at all times throughout construction, 
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temporary bracing will be installed to support the existing timber bridge to facilitate demolition of the 
north half of the bridge while the south half remains open to traffic. The proposed bridge is offset from 
existing to allow half of the trestle structure to be demolished at a time.  

Girders will be too long to deliver to the site from the ferry terminal. Two options exist: 

1. Deliver girders to the site on a barge. A crane will be set up to place the girders on the abutments. 
This same crane can be used to lift girders from the barge and place them onsite. This may take a 
number of attempts to deliver all girders to the site, assuming two to three girders can be 
delivered during a single high tide cycle. Channel dredging may be necessary to facilitate barge 
access and the logistics of bring a crane with sufficient capacity to the site will be addressed 
during PED. 

2. The other option is to bring the barge to the boat ramp located 0.25 mile directly to the south. A 
crane will be needed to place the girders on a truck and deliver them to the site. Channel dredging 
may be necessary to facilitate barge access and the logistics of bring a crane with sufficient 
capacity to the site will be addressed during PED. 

A construction staging area at least 15 feet wide will be needed. To maintain traffic, only the current 
shoulder and one lane can be used for staging. Due to possible right-of-way constraints, staging areas will 
be analyzed during PED. The new bridge girders can be lifted using cranes stationed at each end of the 
bridge. 

Removal of timber piles is typically accomplished by cutting or breaking them at the ground line. In a 
sensitive marine environment, more careful excavation around each pile and cutting a certain distance, a 
foot or more, below ground line may be required. The existing timber bridge piles are treated with 
creosote, which may limit potential disposal sites. Potential borrow sources and disposal sites are 
discussed in Section 3-4.1.11. 

See Section 3-10 for additional information on construction procedures and Section 3-20 for the 
anticipated schedule for construction. 

3-6.2 Real Estate 
Real estate assumptions, valuations, and planning documents have been appropriately scaled for the 
current level of design. As additional surveys, modeling, and design are completed during PED, the real 
estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, Appendix F, Real Estate Plan.  

3-6.3 Relocations 

The existing timber bridge is approximately 50 feet long and provides a crossing for two OPALCO utility 
conduits (2- and 3-inch) along the north side of the bridge. These conduits will be relocated onto the new 
bridge structure. Additional utilities not identified during conceptual design may be present in the area. A 
utility survey will be completed during PED. The known utility relocations are summarized in Table 3-6-2. 

Table 3-6-2. Utility Relocations 

Utility Activity Subsequent Design 

Power utility conduits  
 

Relocate conduits to 
follow the new bridge and 
roadway alignment  

Coordinate with utility owner (Opal 
Power and Light Cooperative, 
OPALCO) on relocation design 
effort, and phasing of work.  
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3-7 STRUCTURAL REQUIREMENTS 
This section discusses the structural elements of the proposed restoration including preliminary design 
requirements and criteria for bridges or roads, a description of major structures and construction 
considerations, and recommended analyses. 

3-7.1 Functional Design Requirements and Technical Design Criteria  
Structural improvements related to roads will involve building a new 110-foot single-span bridge (see 
exhibits in Annex 1). The bridge will be composed of a commonly used and repetitive structural system in 
order to facilitate a straightforward construction method, and indirectly promote a more competitive 
bidding environment.  

The key design requirements for a bridge are to identify a cost-effective, constructible bridge structure 
that supports traffic, provides for prescribed horizontal and vertical hydraulic openings, requires minimal 
capital to maintain, meets the AASHTO Bridge and Geometric design specifications and WSDOT Bridge 
Design Manual specifications, and has a design life of no less than 75 years.  

The current AASHTO Seismic Design guide specifications are intended for conventional bridges designed 
for the life safety performance objective considering a seismic hazard corresponding to a seven percent 
probability of exceedance in 75 years. This implies that a bridge, when following these specifications, has a 
low probability of collapse in a 1000-year event but may suffer significant damage and that significant 
disruption to service is possible.  Partial or complete replacement of the bridge may be required.  A higher 
level of seismic performance may be selected by a bridge owner who wishes to have immediate service and 
minimal damage following a rare earthquake.  Seismic engineering analysis and design costs as well as 
construction costs should be expected to increase as the post earthquake performance objectives are 
increased.  

Whether a bridge is considered “regular” or “not-regular” is a function of its physical characteristics.  A 
regular bridge is a bridge that has fewer than seven spans, no abrupt changes in weight, stiffness, or 
geometry.  Regardless of its regularity, a bridge shall be designed with earthquake resisting systems (ERS) 
corresponding to the requirements of a Seismic Design Category (SDC) of C or D (typical for the Puget 
Sound region).  As such, the regularity was not assumed to impact construction costs directly for this level 
of design.  Determination of the Seismic Design Category, SDC, is based on the parameters identified in 
Section 3-7.9.  A category of D would result in more complex analysis and detailing requirements.  This 
suggests an increase in both the design and construction costs associated with the foundations, columns, 
and connectivity between these structural components. 

The bridge will be constructed of concrete foundations, pre-stressed concrete girders, and a concrete deck. 
Concrete is a high-quality, dense mix design that should remain functional throughout the life of the 
bridge with minimal maintenance. 

Pre-stressed concrete girders consist of a very high-quality concrete; they are the most common type of 
girder used in Washington because of superior local fabrication skills and the availability of high-quality 
local aggregate. Pre-stressed concrete girders are lower-maintenance structures than their steel 
counterparts and are competitively priced with steel girders. The economy in structural design can be 
achieved by designing around the standard girders from the Bridge Design Manual Span Capability Sheets 
as long as the selected standard design meets the geometrical requirements of the particular bridge. The 
concrete abutments will be supported by deep foundations, which are assumed for bridges in deep 
liquefiable soils commonly found in the flat tidal zones of the Puget Sound region. See Section 3-4 for 
additional foundation discussion. Shafts tend to be better suited than piles for these types of highway 
bridges, especially if rock or till is encountered at a shallow depth under the bridge abutments.  

The design objective is to extend the foundation shafts through the liquefiable soils and embed them deep 
into the underlying glacial soils to provide the necessary lateral support for the structure during a seismic 
event. Additional design details for the bridge are as follows: 

• Travel lanes will have a minimum width of 10 feet. However, due to the curvature of the roadway, lane 
widths will be wider on the curve to account for tracking of trucks (assumed design vehicle WB-50). 
Therefore, the bridge deck will have a total width of 47 feet not including the width of barriers, which 
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is wider than the roadway itself. Additional bridge deck width is needed to provide a sufficient 
number of girders to accommodate the overhang. Alternatives to this decking approach include (1) 
casting the deck with a curve to mimic the channelization in the roadway (this will only minimize the 
variable overhang, not eliminate it); or (2) installing a cast-in-place box girder bridge. The work will 
require placing formwork within the water and will have a maximum length of 120 feet. 

• The bottom of the bridge soffit (low point) is set at 3 feet above Mean Higher High Water to provide 
adequate clearance for debris. This places the bridge deck at an elevation of 15.55 feet (NAVD88, 
which is above the BFE, but which, in this relatively protected inlet with little freshwater inflow, may 
result in water overtopping the girders for a couple hours at a time during extreme events. As 
described in Section 3-2, the USACE determined that the 100-year base flood elevation is 13.7 feet 
(NAVD88). Additional clearance between the bridge and Mean Higher High Water may be necessary 
to accommodate a large coastal flooding event, but this will be determined by analyses conducted 
during PED. 

• The bridge will be equipped with an Oregon Type 3 railing to provide sight distance beyond the bridge 
limits from Lichen Lane. The bridge design will be reviewed and approved by San Juan County Public 
Works.  

The design will conform to the most current edition of the standards shown in Table 3-7-1. 

Table 3-7-1. Structural Requirements 

Item Description 

Design Specifications  
 

• WSDOT Bridge Design Manual, current edition 

• AASHTO LRFD Seismic Bridge Design, current 
edition  

• AASHTO LRFD Bridge Design Specifications, 
current edition  

Load Criteria  
 

• Live Load:  HL-93 (HS-20 Truck + 0.64k/ft lane), 
1.3 Impact Factor 

• Load Combinations:  Per Table 3.4.1-1 LRFD (Load 
Combinations and Load Factors) 

• Pedestrian (if required):  75 psf 

• Dead:  Concrete = 0.16 K/cu ft, Steel 0.49 k/cu ft. 

3-7.2 Survey, Hydrologic, Hydraulic, and Geotechnical Data Used  
LiDAR survey and probable water surface elevations were used to develop the conceptual design plan. For 
information about data used for the conceptual design, see Section 3-3.  

No geotechnical data were available at the time of the conceptual design. Numerous borings will be 
required to facilitate the development of an accurate cross section of the geology below the bridge. 
Typically, the borings should extend to about 150 feet below ground. During the conceptual design phase, 
the typical nearshore soil characteristics of Puget Sound were considered in selecting the bridge 
foundation type. Geotechnical investigations will be required for completion of PED; see Section 3-4.3.  

3-7.3 Site Selection Studies 
The site selection is summarized in Section 3-6. 
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3-7.4 Major Structures 
Several technical considerations were used to decide on the bridge type, including: a cost-effective 
structure that provides a hydraulic opening meeting the restoration goals, sufficient geometrical and 
structural capacity to safely meet the traffic demands, and sufficient capacity to meet seismic demands. 
Hydraulic openings are affected by bridge length and distance between piers. Bridge superstructure depth 
is affected by span length. The type, size, and location of the bridge will be evaluated during subsequent 
design. The basis of design at the conceptual phase established the following parameters: 

Span Length: Span length is heavily influenced by the minimum or desirable hydraulic criteria related to 
backwater impacts and the elevation of the water during a 100-year flood event. However, other factors 
also weigh into the selection of the span length such as the quality of the foundation soils, criteria to 
minimize piers in the waterway for aesthetic, permitting, or cost goals, inspection access below the bridge 
near the abutments, and achieving a desirable girder depth for either aesthetic considerations or approach 
elevation limitations.  

The size of the opening width was controlled by a resistant bedrock outcrop on the east shore; a number of 
natural structural controls such as this exist in the adjacent reach to the south. The 110-foot-long span will 
restore natural processes, while a longer bridge would not provide additional benefit, except perhaps in a 
very high sea level change scenario. Therefore, a longer span was not selected. 

Bridge Type: The recommended bridge type is a pre-cast girder bridge. This means the deck is supported 
by girders below the roadway. The girders are supported by cap beams which comprise the transverse 
beam of the pier system. The bridge proposed for this site consists of one single span. The bridge deck and 
girders will have expansion capabilities at their abutments. 

The girders will have an approximate depth of 5.2 feet and will be constructed of pre-cast and pre-stressed 
concrete. The girders will be fabricated offsite and shipped by truck to the site for installation. No 
intermediate pier is proposed. Standard WSDOT pre-cast concrete girders are an efficient and economical 
bridge type for continuous span construction.  

Depth of Structure: It is assumed at the conceptual design that the structure depth is 5.2 feet. Providing 
3–f00t clearance from Mean Higher High Water will place the bridge deck at an elevation of 15.55 feet. As 
noted in Section 3-7.1, the elevation of the bridge deck will be further evaluated during PED. 

Alignment Considerations: Since the roadway needs to remain open during construction, the new bridge 
will need to be built parallel to the existing bridge. Property restrictions prevented the bridge from being 
built entirely outside of the footprint of the existing bridge. Based on as-built bridge information, it 
appears to be feasible to remove half of the existing timber bridge so the new bridge can be constructed as 
close as possible to the existing bridge footprint and maintain one lane of traffic at all times. The 
conceptual design also looked at placing the bridge on the south side of the existing bridge. Based on 
preliminary discussions with property owners, property acquisition for this alignment was not feasible.  

3-7.5 Describe Evaluation and Selection of Substructure Alternatives Based on 
Economy and Performance 

This bridge is located in an estuarine environment, likely requiring a deep pile foundation. The 
geotechnical engineer will make the final recommendations based on data obtained from the onsite 
boring logs and the structural engineer (see Section 3-4 for additional information).  

The soils at this site are likely to experience liquefaction during an earthquake. As such, the foundation 
will have to extend downward through the soft materials to stiff glacial soils for a solid fixed embedment. 

The cost comparison between types of deep foundations (piles verses shafts) does not always result in a 
clear cost advantage for either foundation type. Many factors come into play such as availability of 
equipment to a contractor, a contractor’s preferred method, the depth of the footing and the ease of 
access, construction schedule, and depth of foundation. In general, cost is not a determining factor for 
deep foundation type. Forces, displacement, and geological conditions will determine which system is best 
to use. 
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General and local scour are always a consideration with deep foundations. Subsequent design will include 
a hydraulic scour analysis. Protection of the structure from hydraulic scour may compete with the goals of 
the restoration. Preliminary design will evaluate these considerations and mitigate accordingly.  

3-7.6 Construction Considerations 
Construction is anticipated to require land-based pile-driving rigs or large augers, excavators, cranes, 
concrete trucks, and dump trucks. Timber piles may be removed in their entirety or cut at the ground line. 
The existing timber bridge piles are treated with creosote, which may limit potential disposal sites. A 
crane positioned on one end of the bridge is required to set the concrete girders in place. To maintain at 
least one lane of traffic at all times throughout construction, temporary bracing will support the existing 
timber bridge to facilitate demolition of the north half of the bridge while the south half remains open to 
traffic. The proposed bridge is offset from existing to allow half of the trestle structure to be demolished at 
a time. See Section 3-6.1.2 for additional construction considerations. 

3-7.7 Stability Analyses 
Bridge stability is a fundamental component in the design process and depends on boundary conditions 
between the structural components and the structure’s foundation and the soil supporting or surrounding 
the foundation components. Shafts or pile foundations promote stability by being sufficiently anchored 
into very stiff soils such as glacial till. Where upper soil layers are susceptible to liquefaction during an 
earthquake the stability of the structure will require that the piles or shafts be driven below the weak soils 
and deep into the stiff underlying soils. 

For a single span bridge in which the girders are bearing on elastomeric bearing pads and are free to move 
slightly under longitudinal loads, a common result of earthquakes, the bridge’s stability is fully dependent 
on the abutment and its supporting elements. Longitudinal loads from the superstructure to the soil are 
passively resisted by the soil at the bridge end-diaphragms. For single span bridges it is important that the 
abutment seat be of sufficient width to accommodate the most extreme of any longitudinal movement to 
ensure that the girders to do not fall off of the abutment. The bridge will also experience transverse 
movement in an earthquake. In this case the girders are held transversely in position by concrete blocks 
(shear keys) located between each girder and which are fixed to the abutment. The keys resist transverse 
movement and transfer these forces from the superstructure into the foundation.  

3-7.8  Stress Analyses 
Stress analyses are a fundamental component in the design process and serves as the basis of how all 
structural elements are selected. Design will be in accordance with governing standards of the WSDOT 
Bridge Design Manual and the AASHTO LRFD Manual. 

3-7.9 Seismic Analyses 
Seismic analyses is performed in compliance with the WSDOT requirements and the AASHTO LRFD 
Seismic Design Specifications. This bridge is located in an active seismic zone. It will be designed for a 
seismic event with a 7% probability of exceedance in 75 years (approximately a 1,000-year return period).  

3-7.10 The essential seismic parameters to develop the Design Response 
Spectrum are arrived at by the geotechnical engineer, if site specific, see 
Section 3-4.1.7 for details of the seismic analysis.Thermal Stress 
Analysis 

Thermal analysis is a fundamental component of the design process and will be considered per the 
AASHTO LRFD design specifications. Thermal stresses are generally handled by providing expansion 
joints in strategic locations to permit a bridge to expand and contract without a large buildup of stresses 
or movement.  
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3-7.11 Other Analyses 
The conceptual design has been based on traffic requirements, hydraulic analyses, loading requirements 
of structures, and constructability considerations. 

3-7.12 Additional Studies, Tests, Analyses 
The information needed to design a bridge is generally captured in the following studies, tests, and 
analyses:   

• Boundary and Topographic Survey  

• Geotechnical Investigation and Report 

• Hydraulic and Scour Analysis 

Additional investigation and studies may be needed for permitting or other site requirements unrelated to 
the infrastructure. See Section 3-21 for a complete list of recommended additional studies and 
investigations. 

3-8 ELECTRICAL AND MECHANICAL REQUIREMENTS 
Electrical and mechanical structure requirements are not applicable to this site.  

3-9 HAZARDOUS AND TOXIC MATERIALS 
An Environmental Site Assessment Level I survey was completed by the project sponsor on 23 
Feb 2011. During the Phase I site visit, evidence of fills, electric transmission lines, and 
chemical/solvent storage were noted. It further noted that the adjacent Deer Harbor Boatworks 
property may have the potential for chemicals to be distributed to the property either due to 
current practices or from the former sawmill that operated there. The extent of the fill that is 
under the Deer Harbor Boatworks property is unknown. If wood wastes, from the former mill, 
are discovered in the project boundaries, chemical analysis of the soil or sediments may be 
warranted. The Deer Harbor Boatworks Facility/Site 22326279 was a State Cleanup Site for 
Toxics from 1998 to 2005. The current status for this site is “No Further Action” required. The 
project proposes to remove riprap lining the channel and the rock slope protection for the 
existing bridge (Section 6.2.3 DEIS) which may occur within the footprint of the former sawmill.  

A review of the Washington Department of Ecology Facility/Site (provides information on facilities 
and sites of environmental interest see figure below) and EPA EnviroFacts database was accessed on 
10 March 2014. A facility which has been given an Ecology site ID may be associated with a permitted generator, 
stormwater discharge permit, or storage facility etc. ID numbers are not necessarily limited to those sites where a 
release occurred. If a release occurred and is under investigation, there is a possibility that the facility may be further 
investigated and then listed on the Confirmed and Suspected Contaminated site list or the Hazardous Sites list.  

The Ecology list two sites adjacent to the project footprint, Facility Site number 20273 and 22326279 . 
Both sites are identified as Deer Harbor Boatworks (BBY INC DBA Deer Harbor Boatworks FS ID 
22326279 is listed as NFA on Feb 2, 2005). No additional information on site #20273 is available on the 
web page. None of the facilities are on the Ecology Confirmed and Suspected Contaminated Site 
List for Skagit County (only lists sites that are undergoing cleanup or awaiting further 
investigation) nor the Hazardous Sites List (only lists sites that have been assessed and ranked - 
updated Feb 26, 2014). No other sites were located near the project site and no listed sites are located 
within the project footprint. 
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3-10 CONSTRUCTION PROCEDURES AND WATER CONTROL 
PLAN  

The proposed restoration will involve earthwork and exposure of bare ground during removal of riprap 
and rock slope protection. At this stage of design, it is assumed that standard best management practices 
will be implemented to control erosion and sedimentation and ensure construction areas are stabilized as 
needed to prevent adverse impacts. A standard temporary erosion and sediment control plan will be 
developed during PED.  

The proposed restoration will also involve in-water work during removal and replacement of the existing 
bridge (including removal of the road embankment, timber piles, and associated armoring) and removal 
of lowland sediments. The design assumes a turbidity curtain will be installed during construction to 
minimize adverse effects of in-water work during construction. Other special measures may be required 
prior to removal of the existing bridge piles in order to prevent the release of sediments. Specific measures 
of the in-water workplan will be determined during PED. 

Specific measures for construction procedures and water control will vary depending on the location and 
nature of the work. State and federal resource agencies will impose specific timing restrictions on in-water 
work to protect fish and wildlife. In addition, specific measures may be required under site-specific permit 
requirements and to protect downstream infrastructure or built environments. The erosion and water 
quality control plan will also need to consider and incorporate the findings of any future analyses for 
hazardous and toxic materials at the site (as described in Section 3-9). A complete description of best 
management practices will be determined during PED.  

3-11 INITIAL RESERVOIR FILLING AND SURVEILLANCE PLAN 
The proposal is for ecosystem restoration. (Not applicable.) 
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3-12 FLOOD EMERGENCY PLANS FOR AREAS DOWNSTREAM OF 
CORPS DAMS 

The proposal is for ecosystem restoration. (Not applicable.) 

3-13 ENVIRONMENTAL OBJECTIVE AND REQUIREMENTS  
All necessary information to develop designs, plans, and specifications, and to execute construction and 
operations is included in the Project's supporting documents including the U.S. Fish and Wildlife Service 
report titled "Strategic Restoration Conceptual Design - Preliminary Environmental Contaminant, 
Cultural Resource, and Endangered Species Site Evaluations." The environmental information developed 
for the analysis in the Environmental Impact Statement provides additional environmental objectives and 
requirements for final site design development. As summarized in Section 3- 6, Civil Design, substantial 
environmental information was developed for the Feasibility Study regarding environmental problems, 
opportunities, and constraints such that the Corps could estimate costs of the restoration sites and 
prepare the Real Estate Plan.  

3-14 RESERVOIR CLEARING 
The proposal is for ecosystem restoration. (Not applicable.) 

3-15 OPERATION AND MAINTENANCE (O&M) 
Operations and maintenance costs for the Deer Harbor restoration are related to removing an existing 
bridge, constructing a longer bridge, and realigning the roadway. Overall, a very small increase in annual 
O&M costs is expected, estimated at approximately $100 per year on average over the 50-year period of 
analysis. The small change in O&M costs is due to the similarity in size and overall length of 
transportation infrastructure at the site. Even though bridge lengths may increase, WSDOT staff has 
indicated that bridge maintenance costs do not vary greatly with bridge length (Wilson, 2011 and Baroga, 
2011). At the current level of site design, all O&M activities have not been identified. Additional 
assessment of O&M activities will be conducted during PED.   

3-15.1 33CFR Part 208 Projects 
The proposed site is not a flood control project to be maintained and operated according to regulations in 
33 CFR 208. (Not applicable.) 

3-15.2 Channel or Basin Clean Out Projects 
No channel or basin cleanout activities are proposed. (Not applicable.) 

3-15.3 Multiple-Purpose, Complex Projects with Power Production 
No power production is proposed. (Not applicable.) 

3-15.4 Frequency and Cost of Maintenance Dredging 
No maintenance dredging is proposed. (Not applicable.) 
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3-16 ACCESS ROADS  
Access during construction will be provided from the existing roadway. No temporary or permanent 
access roads are needed for this site. 

One-way traffic will need to be maintained during construction of the new bridge, although short-term 
closures will be required. Construction phasing proposes to cut the existing bridge in half, removing the 
north half while the south half remains open to traffic. This will provide an adequate work zone for 
construction of the new bridge in this portion of the right-of-way. The remaining portion of the existing 
bridge may need to be temporarily braced.  

A construction staging area of at least 15 feet wide will be needed. To maintain traffic, only the current 
shoulder and one lane can be used for staging. Due to possible right-of-way constraints, staging areas will 
be further analyzed during PED. 

3-17 CORROSION MITIGATION  
Typical design standards use materials that are suitable for a marine environment such as concrete and 
galvanized steel pipe. Concrete was selected for the bridge superstructure and for the drilled shafts. If an 
alternate foundation system is selected, such as CIP steel piles, then galvanized steel should be used. 
Corrosion is generally not an issue for buried utilities or overhead power lines.  

3-18 PROJECT SECURITY 
The proposal is for ecosystem restoration. (Not applicable.) 

3-19 COST ESTIMATES 
The Deer Harbor cost estimate of $8,218,000 (1Q FY2015 dollars) consists of costs to remove and replace 
the existing bridge, adjust the roadway to meet the new alignment, remove fill and rock armoring from 
the site, and maintain existing services to nearby landowners.  The largest cost driver is the cost of the 
replacement bridge.  The largest schedule component is replacement of the bridge, which must be done in 
two phases.  It is important to note all PSNERP bridges (unless otherwise noted) use a common design.  
Because of this a standardized bridge model was created by the Cost Engineering Team.  This model, with 
modifications, was used at this site.  Refinements in bridge design are likely to change the features of the 
bridge, and any shift of costs is currently predicted to trend downwards due to conservative design and 
estimating methodology. 

Other substantial cost drivers include the modified roadway, the removal of the existing bridge, and 
maintaining existing services, in particular a natural gas line. 

Following a formal cost and schedule risks analysis meeting held on July 16, 2012 (revisited in 2014), a 
contingency of 27% was developed.  Risks included both site specific issues and items that were similar 
across the entire Puget Sound Nearshore project.  Larger items included the uncertainty about how this 
project would be contracted.  Projects between $5 and $20 million are large contracts, but will still often 
be done by small business contractors.  This can potentially increase costs due to higher markups 
associated with smaller contractors.  PSNERP projects are somewhat insulated from this risk, because 
current estimating methodology called for assuming small business contracting.  However, it’s possible 
that a more selective small business contracting method could be used (8A restricted, HUBZone, etc.)  
The largest construction risk was due to the remoteness of the site.  During the risk analysis the PDT felt 
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that the project might incur large additional costs due to the requirements for materials, equipment, and 
personnel to be transported to the site by boat.  A major schedule risk was due to the potential for 
inefficiencies related to the contractors. 

There are several risks that do not directly affect construction cost or schedule.  If there is excessive 
channel scour after removal of rip rap project function could be affected.  Additional design effort may be 
necessary to mitigate for this. Additionally, there could be higher than expected sedimentation 
downstream of the bridge opening.  This would likely be the responsibility of the local sponsor and a 
monitoring and maintenance plan would need to be developed.  A biological risk is that there could be fish 
stranding at Cayou Lagoon.  This would need a monitoring and maintenance plan as well to track this 
following project conclusion.  Finally, there could be water quality impacts from the increased tidal prism 
(salinity impacts or leeching of pollutants into the waterway).  A review of well and septic information will 
need to be done during PED, and there could be an adjustment of the project footprint.  Following 
construction, monitoring will need to be done to track this issue. 

Opportunities to reduce project cost and schedule were minimal for this particular project.  However 
there is some opportunity to reduce schedule if a well equipped contractor who is familiar who this kind of 
construction is selected.   

3-20 SCHEDULE FOR DESIGN AND CONSTRUCTION 
The proposed restoration at Deer Harbor is considered to have medium complexity. Based on the level of 
complexity, the anticipated design period for the site is approximately 3 years. This includes preparation 
of final design, plans and specifications, and the construction contract. 

The anticipated construction period for roadway and bridge demolition and replacement is approximately 
7 months. Any in-water construction activities will take place during work windows established by 
regulatory agencies. 

Property acquisition and permitting timelines are not included in this duration. The time required to 
complete these upfront activities is unknown, but is assumed to be relative to the length of the anticipated 
design period for the site as described above. 

3-21 SPECIAL STUDIES 
Table 3-21-1 summarizes recommended studies and additional investigations to be conducted at the site 
to support subsequent stages of design and implementation. . Unless otherwise noted, these studies are 
recommended to take place during PED. 

Table 3-21-1. Special Studies Recommended for the Deer Harbor Site 

Type Basic Requirements 

Property 
Investigation/Survey 

• Compile more detailed information on parcel ownership and 
property boundaries to finalize the design, confirm acquisition 
requirements, and support negotiations with property owners. 

Topographic/Bathymetric 
Survey 

• Obtain site-specific topographic and bathymetric survey data to 
refine design of key project elements, develop detailed construction 
and demolition plans, and serve as a baseline for pre- and post-
construction modeling.  

• Install a temporary tide gauge in the early design stages to obtain 
site-specific tidal statistics.  
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Type Basic Requirements 

Hydraulic 
Analysis/Modeling 

• Review the location and depth of any wells in the area of potential 
hydraulic effect. 

• Address the extent to which changes in tidal prism will affect 
groundwater flow. Assess whether changes in tidal prism alter the 
seepage patterns in Cayou Valley Lagoon. Evaluate effects on 
baseflow and pollutant inputs from septic systems or waterfowl. 

• Review flood elevations and revise them if necessary. Address 
potential physical damages that can occur during flooding. 

• Evaluate effects of increased tidal prism on lagoon and intertidal 
habitat using results from the ESA PWA (2011) study and similar 
inlets in Puget Sound.Formulate a monitoring plan, including any 
required field surveys or instrumentation that will be used to evaluate 
the project’s hydraulic performance. 

•  

Sedimentation Analysis 

• Use flow and velocity information from the ESA PWA (2011) 
hydraulic analysis to assess the possibility for sediment transport, 
scour, and bank erosion in the site area. Perform a scour analysis at 
roadway embankments, and bridge abutments to assess the need for 
scour protection and evaluate the interaction of the bridge 
abutments with the widened channel. 

• Evaluate temporary sedimentation increases and the magnitude of 
potential sediment export from the inlet, as well as the need for 
management of potentially accreted sediments within the inlet. 

Coastal Engineering 
Analysis  

• Review and establish the final design tidal datums. 

• Refine sea level projections using localized tide gauge data.  

• Evaluate the extent of changes in tide-related flow patterns and 
salinity as a result of the expansion of the bridge opening and effects 
on private properties upstream of the existing bridge.  

• Evaluate potential impacts to downstream marina as a result of 
increased currents. 

Geotechnical Investigation 

• Complete a standard investigation to include subsurface 
explorations, testing, and field reconnaissance. 

• Confirm the type of deep foundation once subsurface explorations 
have been completed. 

• Analyze the span length further using results of subsurface 
explorations. 

• Assess the suitability of excavated materials for reuse. 

Foundation Design Study • Conduct static and seismic analysis according to AASHTO LRFD. 

Abutment Stability Study • Perform a standard study including potential for liquefaction and 
ground improvement. 

Pavement Design Study • Complete a pavement design study for new roadways and 
approaches (include traffic analysis for ESALs). 

Utility Survey • Obtain more detailed information on utilities to finalize the design 
and confirm acquisition requirements. 
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Type Basic Requirements 

Phase II Environmental Site 
Assessment 

• Perform a standard study to assess historic fills in the site and 
conduct soil sampling for contaminants. 

Cultural Resources 
Investigation  

• Complete surveys for archaeological and historic resources, 
particularly in areas proposed for excavation.  

Cost Study • Assess potential for cost and schedule reductions during refinement 
of restoration design. 

Environmental Permitting  • Complete documentation and applications for environmental 
permits with federal and state agencies. 

3-22 DATA MANAGEMENT 
Project documents, background materials, and digital files from the local sponsors were provided to the 
project team directly, through the State’s Habitat Work Schedule, or via the Nearshore Portal. The project 
team also used databases previously developed by and for the Puget Sound Nearshore Project including 
the Change Analysis and backing geospatial data (see Section 3-3.1.1 for additional detail). 

Work products for the conceptual restoration designs were developed primarily in GIS and typical word 
processor and spreadsheet applications. GIS products for all sites were collected in a single geodatabase 
that captured spatially referenced locations and sizes of major design elements.  

3-23 USE OF METRIC SYSTEM MEASUREMENTS 
This report uses United States customary units for design and construction measurements. To remain 
consistent with work conducted to date, the metric system of measurement was not used. 
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ANNEX 1: EXHIBITS 
This annex contains a set of site-specific exhibits prepared for the proposed restoration. The exhibits 
include:  

Exhibit A – Conceptual Design Plan 

Exhibit B – Conceptual Design Sections 

Exhibit C – Quantity Estimates 

Exhibit D – Conceptual Road and Bridge Alignments 
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Restoration Quantity Estimate 
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ANNEX 2: COST ESTIMATE 
Cost estimate details include estimated costs, anticipated construction schedule, and risk register.  
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Print Date Wed 23 July 2014 

Eff. Data 6/512014 

Laber ID; NLS2012 EO ID: EP11R08 

ll.S . .Atmy Corps of Engil'leers 

Proje~t ; Dear Harbor Estuary 
PSNERP Feasibility Report 

Deer Harbor Estuary 

Deer Harbor Estuary 

SELECTED A L T ERNATIIIE:Thls estimate ia for the Full Restoration Alternative . 
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4-1 GENERAL – DUGUALLA BAY  

4-1.1 Overview of Restoration Site 
Dugualla Bay is located on the northeast side of Whidbey Island in the Whidbey Subbasin within the 
western portion of Skagit Bay. The approximately 600-acre site includes Dugualla Lake, a former 
lagoon/salt marsh complex, and adjacent lands that are separated from the marine waters of Dugualla 
Bay by a dike. The dike was constructed in the early 1900s to make the land suitable for farming. A tide 
gate/pump station system was installed at the inlet to Dugualla Lake to control water levels. This 
eliminated tidal inundation and changed the estuary into a freshwater lake and marsh.  

The site includes public and privately owned properties, some of which are still actively farmed. There are 
several buildings and residential structures on the north and south sides of Dugualla Lake. Ault Field, part 
of the Whidbey Naval Air Station (NAS), is located west of State Route 20 and encompasses a substantial 
portion of the vicinity.  

The proposed restoration would return tidal inundation to Dugualla Lake and restore the historic marsh 
system. This would be accomplished by removing the existing dike, replacing portions of Dike Road and 
State Route 20 with bridges to allow tidal exchange, and excavating a new tidal channel opening at the 
historic inlet location.  

The Dugualla Bay site was selected to address Barrier Embayment restoration. The primary objectives at 
this site are to restore sediment input and transport and restore the tidal flow to a partially closed system. 
Target ecosystem processes include the following: 

• Sediment supply 
• Sediment transport 
• Tidal flow 
• Erosion and accretion of sediments 
• Detritus recruitment and retention 
• Tidal channel formation and maintenance 

The proposed restoration would partially restore these processes but does not remove all of the stressors 
or impediments to tidal action. A restoration alternative that proposed complete removal of Dike Road 
was considered but not selected for detailed analysis; see Chapters 4 and 5 of the Feasibility Report for a 
complete discussion of the evaluation of alternatives. Details of the restoration design are provided in 
Section 4-6 and shown on the exhibits provided in Annex 1. Figure 4-1-1 shows the Dugualla Bay site and 
vicinity.  
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Figure 4-1-1. Dugualla Bay and Vicinity 

Strait of Juan de Fuca & 
Puget Sound 

Washington State 
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4-2 HYDROLOGY AND HYDRAULICS 
The Dugualla Bay catchment located at and east of the Whidbey Island Naval Air Station (NAS) covers 
approximately 11 square miles (7000 acres) with numerous small drainages that currently drain into 
Dugualla Lake, (Figure 4-2-1). Estimated annual rainfall in this area is 19.5 inches. 

Approximately half of the Dugualla Bay catchment area (3300 acres) is covered by the NAS which has 
roughly 600 acres of impervious surfaces including runways, taxiways, hangars, auxiliary buildings, and 
support roadways (U.S. Navy, 2013).. At the air station, a primary surface drainage system of 
approximately 20 miles of numerous swales and ditches conveys water from Ault Field to Clover Valley 
stream, which flows east toward Dugualla Lake. Dugualla Lake is separated from Dugualla Bay by a dike 
and a Navy-operated pump station that isolate it from most tidal influence allows for retention and 
pumping of stormwater into the bay. The current maximum water surface elevation of Dugualla Lake was 
agreed upon in negotiations between the Navy and local landowners. The current maximum water surface 
elevation will be reviewed in PED as well as the effects of restoring the historic tidal opening on the 
water surface in the project area and surroundings. 
The remainder of the area surrounding Dugualla Lake is primarily agricultural land. State Route 20 (SR-
20) crosses the site. The intent of the project is to restore tidal flow into the project area for the purpose of 
habitat restoration by breaching the dike and removing the pump station at the mouth of the embayment. 
The entire site lies below the 100-year coastal base flood elevation of 12.1 ft NAVD88. 

 

Figure 4-2-1. Dugualla Bay Catchment Area (Source USGS Streamstats, 2013, U.S. Navy 
2013) 
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The hydraulics and hydrology for all restoration sites in the Puget Sound Nearshore Ecosystem 
Restoration Project were evalauated using an area of potential hydraulic effects specific to the 
construction requirements for each particular site. The upstream and lateral limits for this area represent 
the 100-year base flood elevation derived from a combination of Federal Emergency Management Agency 
(FEMA) flood maps and Flood Insurance Studies as well as U.S. Army Corps of Engineers (USACE) base 
flood elevation determinations. Downstream and seaward limits are based on changes in shoreform type 
and best professional judgment.  

Figure 4-2-2 shows the area of potential hydraulic effects for the Dugualla Bay Estuary. The upstream and 
lateral limits were set according to the 100-year base flood elevation as determined by the FEMA Flood 
Insurance Study for Island County and Incorporated Areas, community 530312 (revised 2007). The base 
flood elevation is at 12.1 feet (NAVD88) and is based on storm surge height and atmospheric effects in 
Puget Sound. The seaward limit was taken as the downstream extent of most estuarine sediments visible 
on aerial photographs. The limits of the area of potential hydraulic effects does not incorporate the 
potential for sea level change but this potential is discussed in Section 4-2.1.9. 

 
Figure 4-2-2. Dugualla: Area of potential hydraulic effects 

4-2.1 Functional Design Requirements 
This section describes the hydrologic and hydraulic setting for the site and the intended hydraulic 
consequences of the design features. 

4-2.1.1 Consequences of flows exceeding discharge capacity of the project 

The purpose of work at this site is to restore natural tidal flow and sediment transport to Dugualla Lake. 
Although a tide gate and pump station will be removed at this site, no new features on the site involve 
active water control. Other passive water control structures include roadway embankments and culverts. 
Flows in excess of the design discharge for these structures and facilities may result in local flooding of 
areas adjacent to and downstream of these structures. 

4-2.1.2 Project-induced changes obligating mitigation 

Mitigation, in the context of this site, applies to compensation of local stakeholders for any loss of 
function or detrimental project-induced changes. The possible project-induced changes obligating 
mitigation, as identified at this stage of design, are summarized below: 
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• The new bridge alignment and approaches for State Route 20 may require right-of-way changes 
affecting local landowners and easements for utility relocations. 

• The properties surrounding Dugualla Lake will experience changes in tide-related flow patterns 
and salinity as a result of the removal of the pump station, and dike. The new extent of the tidally 
influenced estuary is anticipated to extend up to the end of runway 7/25 at the Whidbey NAS. The 
area affected by the 100-year costal storm may also extend to the south of runway 7/25 as shown 
in Figure 4-2-2. The configuration of the drainage system at the NAS has not been reviewed in 
detail, and it is not known whether retrofits will be required at the NAS to accommodate the site 
restoration. The extent of the tide-related changes will be addressed during Project Engineering 
and Design (PED). 

• The removal of the channel restriction at the tide gate will allow the mobilization of sediments 
that have been impounded upstream. Shoreline properties downdrift of the dike removal may 
experience some temporary increases in sedimentation as these sediments are transported out 
into the deeper parts of Dugualla Bay. 

• Any sediments mobilized as a result of dike removal may have temporary effects on local fish and 
shellfish in Dugualla Bay. 

• To the extent that usage of Dugualla Lake by waterfowl is increased by the restoration, project 
features may need to considered to discourage the presence of birds near runway 7/25. 

4-2.1.3 Discharge-frequency relationships 

No long-term gauge data exist for discharge into or out of Dugualla Lake. U.S. Geological Survey (USGS) 
regression equations for Washington Region 2 are used to estimate discharge-frequency relationships for 
the Dugualla catchment. Predictions are shown in Table 4-2-1. 

Table 4-2-1. Peak Discharge-Frequency predictions for Dugualla Lake  

Method 10-year (cfs) 50-year (cfs) 100-year (cfs) 500-year (cfs) 
USGS Regression 103 143 158 201 

4-2.1.4 0.2% chance of exceedance flood (500-year return interval flood) 

The area of potential hydraulic effect for the site is dominated by storm surge. Table 4-2-2 summarizes 
the 500-year hydraulic conditions for the site area. The 500-year return flood elevation from Dugualla 
Bay is taken as the 500-year coastal base flood elevation and includes factors such as storm surge and 
atmospheric effects but does not include sea level change. Because of the presence of Whidbey NAS, this 
value will be established during PED. 

Table 4-2-2. 500-year return interval hydraulic conditions for Dugualla Bay Estuary 

Flooding Source Elevation (feet, NAVD88) Discharge (cfs) 

Dugualla Bay BFE To be determined (PED) - 

Dugualla watershed -  201 (USGS) 

4-2.1.5 Stage-discharge relationships 

No stage-discharge relationships currently exist for this location. Since this site is tidally dominated, no 
stage-discharge analysis is currently planned. 

4-2.1.6 Flow duration 

At present, it is not anticipated that a flow duration analysis will be required at the site. (Not applicable.) 
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4-2.1.7 Flood inundation boundaries and flood stage hydrographs 

No detailed Flood Insurance Study has been completed for this location. Figure 4-2-3 shows the 100-year 
flood zone as determined for the FEMA Flood Insurance Rate Map. This flood zone information is based 
on a coastal base flood elevation of 5.7 feet (NAVD88) for Dugualla Lake. When the dike at Dugualla Bay 
is removed, the new base flood elevation will be approximately 12.1 feet (NAVD88), which is 6.4 feet 
higher than the current level. The 100-year and 500-year elevations will be confirmed or established 
during PED as described above. 

 
Figure 4-2-3. Current FEMA 100-year flood zone from Flood Insurance Rate Map  

53029C -0110E & -0130E (FEMA 2007a) 

4-2.1.8 Reservoir yields 

No reservoirs are planned as part of this site. (Not applicable.) 

4-2.1.9 Risk and uncertainty analysis for sizing of the project under study 

Channel sizing 

Required channel size parameters were determined using the methods presented in Applied 
Geomorphology Guidelines and Hierarch of Openings (an attachment to this engineering appendix). 
Table 4-2-3 shows the marsh used to determine the channel parameters.  Table 4-2-4 shows that the 
required channel top width is 260 feet with a depth of 13 feet at MHHW based on the available marsh 
area.  The current plan calls for the excavation of a starter channel approximately 40 feet wide with a 
depth of 9 ft at MHHW under the assumption that the channel will deepen and widen over time due to 
tidal processes. The channel size assumptions will be evaluated as a part of the hydraulic modeling which 
will take place during PED.  

Table 4-2-3. Inputs used to determine channel sizing 

Component Acres 
Marsh Area 720 

Table 4-2-4. Channel parameters for tidal flow and combined tide and river flow 

Parameter Tidal Prism 

Max Channel Depth Below MHHW (feet) 13 

Channel Top Width at MHHW (feet) 260 

Channel Cross-Sectional Area at MHHW (SF) 2150 
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Sea Level Change  

The Dugualla Bay Estuary is located in the North Central Subbasin of Puget Sound. Sea level change 
calculations for the North Central Subbasin are based on the Seattle tide gauge and are calculated using 
the guidance under ER 1100-2-8162 Incorporating Sea Level Change in Civil Works Programs (USACE, 
2013). Table 4-2-5 shows the range of sea level change projections for the 50-year project life, indicating a 
maximum sea level change of 3.89 feet in 50 years. The largest risk associated with sea level change at this 
site is the displacement of habitat upstream, with vegetated marshes becoming intertidal habitat and 
intertidal habitat becoming subtidal habitat. Tidal marshes can adapt to sea level change by building 
elevation to keep pace with the rising water levels, but this requires an adequate supply of sediment 
and/or organic matter accumulation. Future studies should include a sedimentation analysis to determine 
what impact the restoration will have on sedimentation rates and if there is sufficient sediment 
accumulation to keep pace with the projected sea level change.  

Table 4-2-5. Projected Sea Level Change (feet), Seattle (Gauge 9447130)  

Year Low  (feet) 
Intermediate 
(feet) 

High (feet) 

2035 0.32 0.48 1 

2045 0.39 0.64 1.43 

2055 0.46 0.82 1.93 

2065 0.54 1.01 2.51 

2075 0.61 1.22 3.16 

2085 0.68 1.45 3.89 

 

 

Water quality conditions 

No water quality information has been reviewed for this site. The restoration is not anticipated to generate 
any long-term effects on surface water quality, but temporary water quality issues may arise. The 
anticipated water quality effects are as follows: 

• Construction-related turbidity and suspension of sediments may occur due to fill and facility 
removal, construction of new embankments, filling of ditches, and excavation of new channels. 

• Temporary increases in sedimentation may occur downdrift of the estuary because of the release 
of sediment currently impounded behind the dike and roadway, and because of the evolution of 
the distributary channel system. These effects, together with other sedimentation issues, should 
be evaluated during PED. 

• The changes in tidal prism will alter the seepage patterns and tidal flushing in Dugualla Lake. The 
site monitoring plan should address the effect of changes in base flow on any pollutant inputs 
from agricultural sources, buried sediments, waterfowl, or runoff from Whidbey NAS. 

• Planned runway construction at Whidbey NAS will result in a net increase of impervious surface 
of either 6.5 or 13 acres depending on the selected alternative (U.S. Navy, 2013). Additional 
mitigation would be required to account for the excess runoff from new impervious surfaces. The 
Navy will consider installing underground storm water retention infrastructure; infiltrating storm 
water via wet ponds, ditches, and swales; or a combination of these measures to achieve the 
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required storm water mitigation.  It is not known at this time whether the footprint for the Navy’s 
mitigation measures conflicts with the proposed restoration. 

• The removal of the tide gate and dike will increase salinity in the upstream potions of the estuary 
due to the increased tidal prism. If needed, water quality sampling and analysis of water quality 
effects can take place during PED. 

4-2.1.10 Groundwater conditions 

No groundwater information has been reviewed for this site. The extent of freshwater seepage into the 
estuary and the character of aquifers in the area have not been studied. Seepage from the uplands north 
and south of Dugualla Lake provides some freshwater input to the lake. Surrounding properties appear to 
be on septic systems. Potential effects on water wells, septic systems, and groundwater seepage will be 
reviewed during PED. 

The removal of the dike will allow an increased tidal prism upstream of the current road, which can be 
accompanied by saltwater intrusion into the hyporheic zone. Since the goal is to restore the historic 
function of Dugualla Lake, restoration of historic salinity patterns is presumed to be a desirable outcome. 

4-2.1.11 Preliminary project regulation plan 

No water control facilities are planned. (Not applicable.) 

4-2.1.12 Preliminary Real Estate taking line elevations 

The current real estate limits are delineated by the construction area, staging areas, and access roads and 
do not include the entire potential area of hydraulic effects. Real estate assumptions, valuations, and 
planning documents have been appropriately scaled for the current level of design. The area of potential 
hydraulic effects is dominated by storm surge. As additional surveys, modeling, and design are completed 
during the PED phase, the real estate documentation will be modified accordingly. For the current real 
estate status, refer to the Feasibility Study, Appendix F, Real Estate Plan. 

4-2.1.13 Criteria for facility/utility relocations 

Current plans call for the relocation of fiber optic cable and overhead Puget Sound Energy power lines 
from the existing dike at Dugualla Bay to the reconstructed roadway berm and the roadway bridge across 
the new tidal inlet opening. Plans for these relocations will have to be coordinated with local and regional 
utilities during PED. The need for utility relocations during the realignment of State Route 20 should also 
be confirmed. See section 4-6.3 for more information. No hydraulic impacts from relocation of utilities 
are anticipated for this site. 

4-2.1.14 Criteria for identification of flowage easements required for project function 

The increase in flood elevations that will occur when the tide gate and pump station are removed at 
Dugualla Bay may require new flowage easements. Tidal circulation, flood, and coastal analyses carried 
out during PED will identify the new flood limits in the estuary and impacts to surrounding properties. 

4-2.1.15 Criteria in support of project OMRR&R requirements 

Monitoring needs associated with the hydraulic function of the site are as follows: 

• The newly excavated starter channel within the site should be monitored to confirm that it is 
developing as anticipated. 

• New bridge piers at SR-20 and Dike Road should be monitored for signs of excessive scour or 
accelerating scour at an interval to be determined during PED. 

• New bridge abutments at SR-20 and Dike Road will require periodic inspection to ensure that 
channel migration is not affecting them and that any slope protection is functioning as designed. 
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• Shoreline areas on Dugualla Bay will require periodic monitoring to observe evolution of the 
restored beach face and whether excessive erosion or sedimentation affecting either habitat or 
properties. 

• Salinity and pollutant monitoring in Dugualla Lake should be conducted to confirm no significant 
impacts to water quality. 

4-2.1.16 Environmental engineering considerations 

In the context of hydrology and hydraulics, environmental engineering is taken to mean water supply and 
sanitation. 

Water Supply 

There are a number of private groundwater wells within the vicinity of the site. Any existing water wells 
within the site will need to be decommissioned as part of the abandonment and removal of existing 
structures. Location and depth of any remaining wells in the area of potential hydraulic effect will be 
reviewed in PED and the effects of increased tidal prism on these wells will be reviewed. 

Sanitation 

The properties surrounding the site are assumed to be on septic systems. Any existing septic systems 
within the site will need to be decommissioned as part of the abandonment and removal of existing 
structures. The extent to which changes in tidal prism will affect leach fields and groundwater flow will be 
addressed during PED. 

4-2.2 Residual Flooding Consequences – With Project Flooding 
This section discusses the predicted hydraulic conditions after construction of the restoration. 

4-2.2.1 Warning time of impending inundation 

Dugualla Lake is presently in an ungauged catchment area. Aside from regional warnings for possible 
flooding, no warning system is planned. (Not applicable.) 

4-2.2.2 Rate of rise, duration, depth, and velocity of inundation 

Flooding in Dugualla Bay is dominated by tides and storm surge. With the removal of the dike, the 
Dugualla Lake area will become tidally influenced. The rate of rise as well as duration and depth of 
inundation in the upstream parts of the estuary will be driven by the change in water level in Dugualla 
Bay. Tides and storm surges will need to be modeled during PED as acknowledged in Section 4-2.5. An 
unsteady flow analysis will need to be performed using a multi-dimensional hydrodynamic model. The 
depths and velocities at the tidal inlet opening and in the tidal channels will also be evaluated in order to 
design roadway berms and bridges and assess flow effects in and around the site. 

4-2.2.3 Historic, 1% and 0.2% exceedance (100-year and 500-year) flood extents 

Based on historic maps, flooding in the Dugualla Bay Estuary before diking was driven by water levels 
from coastal flooding at Dugualla Bay. Reconnecting the estuary to the bay will reestablish this flood 
pattern with 100-year flood elevations near the base flood elevation of 12.1 feet (NAVD88). The current 
100-year flood extent as shown in figure 4-2-3 is based on the existing condition with the dike and pump 
system in place.  Construction of the project will result significantly changing the flood extents within the 
bay and likely requiring a FEMA flood map revision. Five-hundred -year flood elevations will need to be 
modeled during PED along with the flooding patterns for smaller events. 

4-2.2.4 Access and egress problems created by flooding 

The proposed grade elevation of the new roadway berms for State Route 20 and Dike Road is at 14.8 feet 
(NAVD88). This is more than 2 feet above the 100-year base flood elevation of 12.1 feet in Dugualla Bay as 
reported by FEMA (2007b). The new bridge deck at Dike Road lies at an elevation of 21 feet (NAVD88). 
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The roadway elevations will be checked against 500-year flood levels once these are determined during 
PED, but access across the site is highly likely to be maintained during floods. No structures are proposed 
to be left in the floodplain so local access will not be an issue during flooding. Access to the Navy ditch and 
drainage system may be limited during flood events. 

4-2.2.5 Potential for loss of life as a result of 4-2.2.1 through 4-2.2.3 

The potential for loss of life as a result of the proposed work at the site is low. One factor that will affect 
safety during floods is public awareness of the large changes in flood elevations that will occur once the 
tide gate and dike are removed at Dugualla Bay. Areas that people assume are dry now will become 
inundated when the dike is removed, but since people are not likely to be on the site during flooding this 
should not be a major risk. Recreational use of the site should be discouraged if a possibility of flooding 
exists. 

4-2.2.6 Identification of any potential loss of public services 

The potential for loss of public services as a result of the proposed restoration is low. Since the proposed 
roadways and bridges are well above the flood level, this will reduce the possibility of access issues and 
utility disruption during floods. 

4-2.2.7 Potential physical damages 

Potential physical damages that can occur during flooding will be addressed by the hydraulic analyses 
conducted during PED. This will include an evaluation of the effects of the increased estuary footprint and 
the need for scour protection at bridges, roadway embankments, and culverts. The analyses will also 
address effects on drainage and runway facilities at Whidbey NAS as well as issues of channel stability and 
sediment outflow from the site. 

4-2.3 Project Induced Flooding – Change from Pre-Project Conditions 
This section describes the effects of the site on flood elevations, flood patterns, and flood frequency. 

4-2.3.1 Information categories required by 4-2.2 

Flooding within the site at Dugualla Lake after construction will be dominated by tides and storm surge. 
The 100-year flood level within the site is expected to increase substantially from the present value of 5.7 
feet (NAVD88). Current 100-year flood extent as shown in figure 4-2-3 is based on the existing condition 
with the dike system and tide gate in place. When the dike at Dugualla Bay is removed, the new base flood 
elevation will be 12.1 feet (NAVD88) which is 6.4 feet higher than the current level. 

Removal of the dike is not anticipated to significantly affect peak water levels in Dugualla Bay during 100-
year floods. Water levels within the site during smaller flood events will be affected by the increased tidal 
prism and the availability of new inflow pathways to the site. The increased flow in the site is a goal of the 
restoration effort. 

4-2.3.2 Anticipated frequency of induced flooding 

Removal of the tide gate and dike at Dugualla Bay will result in a higher frequency of flooding in the site. 
The frequency of flooding in the site will correspond to the frequency of flooding in the bay. It is not 
expected that site work will affect the frequency of flooding in Dugualla Bay itself. The increased flood 
frequency in the site is a goal of the restoration effort. 

4-2.4 Inundation Risk 0.2% Exceedance (500-year Return Interval) Flood 
After construction, flooding at the site will be dominated by storm surge. The 500-year return flood 
elevation from Dugualla Bay is taken as the 500-year coastal base flood elevation and includes factors 
such as storm surge and atmospheric effects but does not include sea level change. The inflows from the 
local catchment area are not expected to affect 500-year flood levels. This will be confirmed when values 
are established during PED. 
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4-2.5 Hydraulic Studies  
This section discusses the hydraulic studies, construction considerations, and instrumentation and 
monitoring needs for the site. The anticipated hydraulic studies at this site are summarized in Section 4-
21. 

4-2.5.1 Hydraulic roughness determinations 

No hydraulic roughness determination is currently planned. If a hydraulic roughness determination is 
required to complete hydraulic analyses, then roughnesses will be determined using a combination of 
aerial photographs and field surveys during PED. 

4-2.5.2 Water surface profiles 

Current water surface elevations as reported in the FEMA Flood Insurance Rate Map (FEMA, 2007a) 
include the presence of the coastal dike and tide gate. In order to predict the with-project water surface 
profiles, a 2-D coastal hydrodynamic model will have to be implemented which reflects the proposed 
geometry within the site. The model will have to include local inflows from surface water and possibly 
groundwater inflows. This will be addressed during PED. 

4-2.5.3 Stage-discharge relationships 

After construction, this site will be influenced primarily by tides and storm surge. In order to predict the 
with-project water surface profiles, a 2-D coastal hydrodynamic model will have to be implemented which 
reflects the proposed geometry within the site. The model will have to include local inflows from surface 
water and possibly groundwater inflows. A stage-discharge analysis can be conducted for local inflows. 
This will be addressed during PED. 

4-2.5.4 Head loss 

Other than the head losses that will be incorporated into hydraulic modeling, no additional head loss 
studies are planned. (Not applicable.) 

4-2.5.5 Flow and velocity 

Flow and velocity information from the revised hydraulic analysis will be used to assess the possibility for 
sediment transport, scour, and bank erosion in the site area. 

4-2.5.6 Structural sizing needed to meet design capacity including slope protection 

The hydraulic analysis conducted during PED will review the sizing of channels and design culverts to 
ensure adequate tidal interaction. It will also evaluate the need for bank, bridge pier, and abutment scour 
protection within the site and beach protection along the shoreline of Dugualla Bay. 

4-2.5.7 Water control facilities 

The water control at this site uses only passive structures such as roadway berms and culverts. Specific 
designs are not yet formulated for these structures. Design of these features will be addressed during PED. 

4-2.5.8 Energy dissipating facilities 

No energy dissipation facilities are proposed. (Not applicable.) 

4-2.5.9 Erosion control requirements 

Construction 

The currently planned earthwork for this site does not require dredging or water-based equipment. 
Overwater work will be completed with excavators from channel banks or access pads. Since the 
restoration includes the demolition of the existing pump station and earthmoving in and around water 
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channels, appropriate in-water sediment control measures will need to be used during construction. Any 
in-water or overwater construction should follow accepted best management practices for erosion control. 
Planning during PED should evaluate the best and most cost-effective methods for excavation of the dike 
opening and for bridge pier installation. These may include excavation at extreme low tides, installing silt 
curtains, or possibly using a containment structure for work in the dry. 

With Project 

No erosion control is anticipated outside of the construction boundaries since the goal is to reestablish 
natural erosion and sedimentation processes. Roadway embankments and any existing beach face 
protection should be monitored for signs of scour at an interval to be determined during PED. The 
shoreline area planned for restoration should be monitored as well. 

4-2.5.10 Existing and post-project sedimentation 

The current level of lands surrounding Dugualla Lake is below the mudflats to the east in Dugualla Bay, 
likely because of the lack of sediment exchange with the bay. In the long term, the removal of the tide gate 
and opening of the coastal dike at Dugualla Bay, and the evolution of the distributary channel network, 
will allow increased tidal exchange and sediment inflows at the site and will encourage channelization in 
the mudflats at Dugualla Bay. In the short term, the site work will allow the mobilization of sediments that 
have been impounded in Dugualla Lake up to State Route 20 and at the Dugualla Bay shoreline. State 
Route 20 will continue to be a barrier to sediment movement from the west. Shoreline properties and 
habitat in and downdrift of the site may experience some temporary increases in sedimentation if 
sediments are transported offshore. The amount and potential areas of sedimentation will be evaluated 
during PED. 

4-2.5.11 Water control and order of work during construction 

Construction should be sequenced, with modifications to State Route 20 and interior marsh work first 
and dike removal last. For additional considerations refer to Section 4-2.5.9. 

4-2.5.12 Criteria for facility/utility relocations 

See Section 4-2.1.13. 

4-2.5.13 Other facilities to meet project goals 

No other facilities are required in order to meet project goals. (Not applicable.) 

4-2.5.14 Instrumentation and monitoring 

A combination of field surveys and aerial photographs will be used to document biological and physical 
changes to the landscape. Monitoring data can be used to refine adaptive management and corrective 
measures, as needed. Some of the key monitoring needs and opportunities are summarized in the 
Feasibility Study. 

4-2.6 Coastal Studies 
The Dugualla Bay Estuary is located in the relatively sheltered lower Skagit Bay area and is only subjected 
to wind waves caused by local winds. Measurements at the nearby Whidbey NAS (Figure 4-2-4) show that 
the maximum wind speeds come from the southeasterly direction and rarely exceed 40 miles per hour. 
The longest fetch length in the southeasterly direction is approximately 2 miles, which could result in 
wave heights up to 5 feet with a period of 4.5 seconds. There is a potential for these wind waves to impact 
some parts of the shoreline where armor is being removed, especially near the proposed tidal channel. 
This will be addressed during PED. The influence of wind wave activity, storm surge and wave setup will 
be evaluated during PED. 
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Figure 4-2-4. Wind Rose for Whidbey Naval Air Station 

Project plans formulated during the conceptual design phase for Dugualla Bay are based on a Mean 
Higher High Water tidal datum of 9.04 feet (NAVD88). Major tidal datums summarized in Table 4-2-
6 are based on the tide gauge at Sneeoosh Point (NOAA Gauge 9448576). The final design tidal 
datums will be reviewed and established during PED. Due to the lack of a tide gauge in the project 
vicinity and associated uncertainties relating tidal datum’s to NAVD88 in this area, a temporary tide 
gauge will be installed during PED to determine the appropriate tidal datums. 

 

Table 4-2-6. Major tidal datums for Dugualla Bay Estuary, Sneeoosh Point (Station 
9448576) 

Datum Description  Water Level   
(ft, NAVD88) 

Mean Higher-High Water (MHHW) 9.04 
Mean High Water (MHW) 8.18 

Mean Tide level (MTL) 4.37 
Mean Sea Level (MSL) 4.37 

Mean Diurnal Tide Level (DTL) 3.51 
Mean Low Water (MLW) 0.55 

North American Vertical Datum of 1988 (NAVD88) 0 
Mean Lower Low Water (MLLW) -2.02 

A summary table for the anticipated coastal studies at this site is presented in Section 4-21. 
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4-2.6.1 Design of coastal shore protection projects (ER 1110-2-1407) 

This site does not include coastal shore protection. (Not applicable.) 

4-2.6.2 Effects on adjacent shores 

Outside of the estuary, the shoreline transitions from a barrier beach to a bluffed-backed beach. The 
primary risk to coastal processes from restoration at this site is an increase in sediment loading which 
could affect downstream intertidal and subtidal habitats in the coastal inlet portion. At the barrier beach 
and bluff-backed beach, the primary forcing processes are coastal wind waves and longshore sediment 
transport; these are expected to be minimally if at all affected by the restoration. The effects on 
downstream and intertidal habitat should be evaluated during PED, using results from studies of similar 
inlets in Puget Sound. 

4-2.7 Navigation Projects 
This site does not affect navigation. (Not applicable.) 

4-3 SURVEYING, MAPPING, AND OTHER GEOSPATIAL DATA 
REQUIREMENTS  

This section describes surveying, mapping, and other geospatial data information to support preparation 
of the Feasibility Study and the Real Estate Plan (Appendix F of Feasibility Study). A brief outline of 
additional surveying and mapping required for subsequent design, plans and specifications, construction, 
and operations is also included. 

4-3.1 Surveying, Mapping, and Other Geospatial Data Information Used 
Geospatial data for the Dugualla Bay site were obtained primarily from remote sensing applications. No 
site-specific topographic, bathymetric, property, or utility surveys were conducted during the conceptual 
design phase. LiDAR, aerial imagery, and other geospatial data were used to delineate topographic 
features, determine surface elevations, and to estimate areas, volumes, lengths, and other dimensions of 
key features using CAD and/or ArcGIS. High-resolution LiDAR was obtained from the Puget Sound 
LiDAR Consortium (2001 LiDAR; 3m grid; State Plane projection in NAD83 [horizontal datum] and 
NAVD88 [vertical datum]); available at 
http://pugetsoundlidar.ess.washington.edu/lidardata/index.html). The Puget Sound Digital Elevation 
Model was used for combined bathymetry and topography of the Puget Sound lowland (Finlayson D.P., 
2005; University of Washington; State Plane projection in NAD83 [horizontal datum] and NAVD88 
[vertical datum]; available at http://www.ocean.washington.edu/data/pugetsound). Recent aerial 
photography (Aerials Express, 5/15/2009, 0.3m resolution, 2.45 m accuracy) was evaluated to determine 
recent site conditions. The conversion from Mean Lower Low Water to North American Vertical Datum 
(NAVD88) and to the NGVD29 datum was derived from NOAA’s VDATUM (using the coordinates 
latitude 48.3592, longitude -122.5793).  

Information on land ownership was derived from the Washington Public Lands Database. Additional 
parcel data, including parcel boundaries, was obtained from the Island County assessors’ office (2010). 
Information on utilities, existing roadway geometry, and other site features was generally scaled off of 
aerial photographs because as-built drawings were not available. A site reconnaissance was performed in 
October 2010 at low tide.  

Designers consulted the Nearshore Geodatabase for additional site context. The Nearshore Geodatabase is 
available from the Washington State Geospatial Data Archive at: 
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP. Metadata are provided in the 
Geospatial Methodology Used in the PSNERP Comprehensive Change Analysis of Puget Sound (Anchor 
QEA et al., 2009) (Annex B). The geodatabase includes numerous datasets listed below: 

http://pugetsoundlidar.ess.washington.edu/lidardata/index.html
http://www.ocean.washington.edu/data/pugetsound
http://wagda.lib.washington.edu/data/geography/wa_state/
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• Shoreline • Overwater structures 

• Bathymetry • Marinas 

• Digital Elevation Model (DEM) • Armoring 

• LiDAR (terrestrial) • Breakwaters/jetties 

• Oblique aerial imagery (from the Washington 
Coastal Atlas) 

• Groins 

• Hydrographic sheets  • Dikes 

• Geology • Dams 

• Slope stability • Nearshore fill 

• Drift cells (net shore-drift) • Roads 

• Streams • Railroads 

• Impervious surfaces • Land cover 

Designers also consulted the University of Washington Puget Sound River History Project 19th Century 
Coast Survey Topographic Sheets (2009) for information on historical geomorphic conditions. Conceptual 
designs were intended to replicate historical conditions and remove stressors to nearshore processes to 
the extent practicable and feasible; as a result these datasets informed the selection of restoration 
strategies and features. Designers created additional GIS data layers (point files, line files, and polygon 
files) to represent civil design features such as areas of lowland excavation to be depicted on the plan view 
drawings. Designers also created simple line drawings in CAD to represent typical sections and estimate 
quantity take-offs but did not do any surface modeling.  

4-3.1.1 Additional survey and mapping required 

Substantial additional information will be required at the preliminary and later design stages to refine the 
design assumptions, confirm real estate requirements, and develop plans and specifications. Additional 
survey, mapping, and other geospatial data needs include the following: 

• Property/Utility Survey – More detailed information on property boundaries and utilities will be 
needed to finalize the design and support real estate negotiations.  

• Topographic/Bathymetric Survey – The conceptual design was based on LiDAR and aerial 
photos, which have inherent inaccuracies. Bathymetry survey data within Dugualla Lake and 
Dugualla Bay adjacent to the site would be required for design. Restoration would require a 
topographic survey of the entire upland area that would be affected by tidal inundation, as well as 
State Route 20, Dike Road, and other dikes/fill within the area. In addition, survey information 
for all hydraulic structures (culvert at State Route 20, tide gate infrastructure) would be required. 
The survey data would be used to refine design of key project elements and develop detailed 
construction and demolition plans. Survey data could also be used as a baseline for pre- and post-
construction modeling, including hydrodynamic modeling.  

• Surveys will be needed for the top and toe elevations of Dike Road on the beach and lake sides, 
the dike top and toe south of Dike Road, Highway 20 top and toe elevations, and the culvert invert 
elevations on the upstream and downstream ends. 

4-3.1.2 Timeline for incorporation of new mapping or other geospatial data 

Planning, design, and implementation are expected to take several years. The site-specific surveys 
identified above are standard components of the design process and should be completed in the early 
stages of PED to ensure that the design work proceeds efficiently. Incorporating these data into the design 
process is not expected to delay the project. 
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4-4 GEOTECHNICAL 
This section describes the geologic setting of the site, previous and recommended studies, and proposed 
geotechnical explorations relevant to design features. 

4-4.1 Geotechnical Information 

4-4.1.1 Regional and site geology 

Regional geologic mapping indicates site-specific geologic features include fill (Qf) and alluvium deposits: 
marsh (Qm), nearshore (Qn), beach (Qb) deposits, underlain by glacial deposits (Qg) (Washington 
Department of Natural Resources, 2005,). The existing Dike Road and State Route 20 embankments are 
made of fill likely consisting of local sediment, ranging from silts to sands and gravel founded over silty 
clay. Most of the site vicinity consists of nearshore deposits composed of estuarine mud and fine sand. 
Sand and gravel backshore is also present. Glacial deposits consisting of sand and gravel are present on 
the surrounding hills to the north and south of the site. The geologic map is shown in Figure 4-4-1. 

 
Figure 4-4-1. Geologic Map of Dugualla Bay 

The geologic profile (cross section D-D’ above) indicates there may be as much as 80 feet of alluvium 
deposits consisting of estuarine mud, fine sand, or organic-rich silt and mud near the location of the 
proposed bridge foundations. A section of the geologic profile is shown in Figure 4-4-2.  

The Soil Survey of Island County, Washington maps four soil types at the site: Dugualla muck, Coupeville 
loam, Semiahmoo muck, and Everett-Alderwood complex (Ness and Richins, 1958). Dugualla muck is 
observed in tidal flats and depressions near Dugualla lake and is a highly organic soft soil. Coupeville 
loam is observed in the majority of the site; it is used for agriculture and is described as clay loam deriving 
from glacial drift over dense Glaciomarine deposits. Semiahmoo muck is observed at the State Route 20 
bridge opening. It is a highly organic soft soil deriving from decomposed plant material and diatomaceous 
earth. The Everett-Alderwood complex is observed on the slopes to the north and south of the tidal flat. 
These soils consist of sandy loam to gravelly sandy loam deriving from glacial outwash. 
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Figure 4-4-2. Geologic Profile D-D’ of Dugualla Bay 

4-4.1.2 Completed explorations 

No subsurface explorations have been completed for this site. All subsurface information is based on soil 
surveys and geologic mapping. No well logs near the site were available from the Washington State 
Department of Ecology. See Section 4-4.3 for the proposed subsurface exploration plan. 

4-4.1.3 Selection of preliminary design parameters 

Based upon research of the soils and geology in the site vicinity, subsurface soils are likely to consist 
mostly of clay, silt, and sand. Preliminary design parameters have been selected for the soil types that are 
likely to be observed at the proposed bridge foundation locations. Table 4-4-1 provides a range of 
preliminary design values for the anticipated soils in the foundation. 

Table 4-4-1. Preliminary design parameters 

Soil Description 
Depth 
Range 
(feet) 

Unit Weight, γ 
(pcf) 

Friction 
angle, ϕ’ 

Undrained 
Shear Strength, 
Su (psf) 

Soft to medium stiff, silty clay 
with sand and organics 

0 – 80 95-115 - 250-500 

Dense, sand and gravel 80 – 100 125-135 34˚-38˚ - 
Groundwater table was assumed at the ground surface. 

4-4.1.4 Geophysical investigations 

No geophysical investigations have been conducted or are recommended. (Not applicable.)  
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4-4.1.5 Groundwater studies 

No groundwater studies have been conducted for geotechnical design. Groundwater elevation is 
influenced by the water surface elevation of Puget Sound and hillside seepage from the uplands north and 
south of Dugualla Lake. Removal of the dike will alter groundwater conditions, allowing inundation of the 
marsh. For geotechnical design purposes, the groundwater will be assumed at the ground surface when 
considering the bridge foundations and roadbed subgrades.  

4-4.1.6 Recommended instrumentation 

No instrumentation is recommended for this project. (Not applicable.) 

4-4.1.7 Earthquake studies  

In accordance with Table 20.3-1 of the 2010 American Society of Civil Engineers (ASCE) 7, a Site Class DE 
is recommended for this site when considering the average of the upper 100 feet. According to the 2008 
United States Geological Survey (USGS) Earthquake Hazards website 
https://geohazards.usgs.gov/deaggint/2008/, the Peak Ground Acceleration (PGA) predicted for the site is 
0.484 g, and the maximum considered earthquake (MCE) ground motions for the site are Ss=1.080 g and 
S1=0.569 g. In accordance with Tables 11.4-1 and 11.4-2 from ASCE 7, Site Coefficients Fa and Fv are 1.0 
and 1.9, respectively for a Site Class DE. Therefore the adjusted MCE ground motions are SMS=1.080 g 
and SM1=1.080 g. The return interval for these ground motions is 5 percent probability of exceedance in 
50 years (975 years). See figure 4-4-2 below for earthquake deaggregation output. 

Seismic design for deep foundations and bridge abutments will be performed in accordance with the 
Washington State Department of Transportation (WSDOT) requirements and the American Association 
of State Highway and Transportation Officials (AASHTO) Load and Resistance Factor Design (LRFD) 
Seismic Design Specifications. (AASHTO specifies 7% in 75 years, which is comparable to USGS 5% in 50 
years.) 

https://geohazards.usgs.gov/deaggint/2008/
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Figure 4-4-3. Deaggregation plot for Dugualla Bay 

4-4.1.8 Preliminary engineering analysis 

There are no existing bridges onsite. Water passes under State Route 20 through a 6-foot by 13-foot cast-
in-place box culvert and under Dike Road through a 10–foot wide cast-in-place box culvert.  

At State Route 20, the proposed 200-foot-long bridge will have two, 100-foot spans supported by deep 
foundations. Preliminary foundation estimates were included in the conceptual design for cost estimating 
purposes.  

At Dike Road the proposed 750-foot-long bridge will have seven, 107-foot spans supported by deep 
foundations. Preliminary foundation estimates were included with the conceptual design for cost 
estimating purposes.  

The conceptual foundation design for both bridges assumed two, 7-foot-diameter drilled shafts at each 
pier with a 100-foot embedment depth.  

Drilled shafts or driven piles are acceptable foundation alternatives for the proposed bridges. Shallow 
foundations are not considered an option because of potential seismic loading, scour, liquefiable soils, and 
soft soils. 

A preliminary estimate of foundation capacity using the lower range of the parameters in Table 4-4-1 was 
used as a check on the conceptual foundation design. See Tables 4-4-2 and 5-4-3 for results of the 
estimate. 
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Table 4-4-2. Preliminary Foundation Axial Capacity Estimate for State Route 20 Bridge 

Feature Description 

Bridge 
 
 
 
 

Total length (feet) 200 
# of spans x Approx. span length (feet) 2 x 100 
Approximate width (feet) 30 
Dead load x 1.25 [LRFD strength I] (kips) / pier1 1,200 
Live load  x 1.75 [LRFD strength I] (kips) / pier2 400 

Foundation Type Drilled Shaft 
Diameter (inch) 84 
# piles / pier 2 
Depth (feet) 100 

Load Estimated static loading demand (kips) 800 
Capacity Estimated pile capacity (kips) 1,000 

Sufficient capacity OK 
1 Dead load estimate is based on conceptual design bridge dimensions in the. 
2 Live load estimate is based on HS-20 Truck + 0.64k/ft lane. 

Table 4-4-3. Preliminary Foundation Axial Capacity Estimate for Dike Road Bridge 

Feature Description 

Bridge 
 
 
 
 

Total length (feet) 750 
# of spans x Approx. span length (feet) 7 x 107 
Approximate width (feet) 28 
Dead load x 1.25 [LRFD strength I] (kips) / pier1 1,200 
Live load  x 1.75 [LRFD strength I] (kips) / pier2 400 

Foundation Type Drilled Shaft 
Diameter (inch) 84 
# piles / pier 2 
Depth (feet) 100 

Load Estimated static loading demand (kips) 800 
Capacity Estimated pile capacity (kips) 1,000 

Sufficient capacity OK 
1 Dead load estimate is based on conceptual design bridge. 
2 Live load estimate is based on HS-20 Truck + 0.64k/ft lane. 

The foundation capacity estimate is preliminary without any site-specific subsurface information. Upon 
completion of subsurface explorations, foundations should be designed using encountered subsurface 
conditions. Foundation design will include drilled shafts and driven piles as a comparison if deemed as a 
valid alternative. The foundation soils are soft and potentially liquefiable, which may increase the depth of 
the drilled shafts or driven piles for both bridges. Foundations may need to penetrate deeper in order to 
provide adequate capacity. Seismic loading and liquefaction potential are not included in the current 
preliminary capacity estimate. 

Slope stability of different project features has not been evaluated at this time. Slope stability analyses at 
either end of the approach embankments may be performed upon completion of the design and 
geometrical configuration of the bridge. Ground improvements, such as stone columns, may be required 
at the bridge abutments/roadway approaches if liquefiable soils are encountered. Stability and settlement 
of the new Dike Road and State Route 20 roadway embankments will need to be evaluated during design. 
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4-4.1.9 Excavatability analysis 

According to the conceptual design significant volumes of fill will have to be excavated. No explorations or 
construction records were located for Dike Road to the State Route 20 embankment; therefore, the 
embankment material is unknown. Based on soils and geology maps, the embankments probably consist 
of compact clay, silt, and sand with gravel near the surface. No bedrock or boulders are anticipated; 
therefore, no blasting should be required. Rock armor protecting the dike consists of light-loose riprap. 
Excavation of the embankment fill and armor will likely be accomplished by excavator.  

4-4.1.10 Anticipated construction techniques and limitations 

Most of the earthwork could be accomplished with low-ground-pressure equipment such as a tracked 
excavator. Breaching the dike, excavation of the tidal channel, and other earthwork seaward of the dike 
should be scheduled to coincide with low tide. Temporary shoring may be required during the demolition 
of the tide gate/pumping system along Dike Road and the construction of the Dike Road bridge.  

The type of deep foundation will be confirmed during PED once subusrface explorations have been 
completed. At this time it is assumed drilled shafts will be used to support the proposed vehicle bridges. 
Due to the presence of soft and caving soils and anticipated high goundwater, either casing or wet method 
is recommended for construction of drilled shafts. Upon completion of the shaft excavation, the hole is 
cleaned and the reinforcing steel cage is placed to the bottom of the hole. The casing is then carefully 
extracted, fully or partially, leaving a top segment to facilitate column installation and concrete is cast. 
Once the shafts are installed, the columns are cast, and pilecaps and bridge superstructure are 
constructed.  

Settlement may be observed along the new State Route 20 alignment and/or Dike Road. alignment 
Depending on geotechnical evaluation, construction of the embankments may need a surcharge, may 
need to be staged, or ground improvements may be advised to reduce post-construction settlement. 
Construction activities and proposed features will impact the existing utilities that run across the site. The 
impact on utilities and measures to protect them will be determined through coordination with service 
providers during later stages of design. 

See Section 4-6.1.2 for additional construction information. 

4-4.1.11 Potential borrow sources and disposal sites 

No borrow or disposal areas have been identified within the site. All excavated materials will be disposed 
of offsite with the exception of armoring debris that has been identified as suitable for reuse onsite. It is 
unlikely that a suitable borrow source for the State Route 20 and Dike Road embankments will be located 
within the site. Offsite disposal and borrow sites should be investigated during later stages of design. 

4-4.1.12 Potential sources of concrete and materials 

Preliminary investigations indicate that there are four concrete ready-mix batch plants located within 20 
miles of the site and four quarries within 40 miles.  

4-4.1.13 Suitability of concrete and materials 

Suitability of concrete and materials will be evaluated at later stages of design or during construction. 

4-4.2 Additional Studies and Analysis 
Additional studies and analysis to be completed during PED or subsequent phases of design include the 
following at a minimum: 

• Geotechnical Investigation: subsurface explorations, testing, and field reconnaissance 

• Foundation Design: static and seismic analysis according to AASHTO Abutment Stability (include 
potential for liquefaction and ground improvement) 
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• Abutment Stability: include potential for liquefaction and ground improvement 

• Pavement Design: new roadways and approaches (include traffic analysis for Equivalent Single 
Axle Loads (ESALs)) 

• Scour Study: at roadway embankments, abutments, and bridge piers 

• Settlement Analysis: for Dike Road and State Route 20 roadway berms 

4-4.3 Additional Explorations and Testing 
The proposed subsurface exploration plan consists of drilling borings along the alignment of the proposed 
200-foot bridge (State Route 20) and 750-foot bridge (Dike Road). In addition, test pits, cone 
penetrometer testing (CPT), and borings should be conducted along the new State Route 20 alignment 
through the bay and Dike Road. Borings along the bridge alignments will be at the abutments and at least 
one every pier (approximately every 100 feet). For the embankments, borings will be spaced 
approximately every 250 to 500 feet with additional CPTs between the borings to provide additional 
parameters and an adequate soil profile along the proposed embankments. It is recommended to pair 
CPTs with borings for calibration. Test pits could be performed if needed for at-grade construction and 
pavement design. 

Based on research of the site and preliminary foundation design, the bridge borings should be a minimum 
of 150 feet below the ground surface, test pits a minimum of 10 feet, and embankment borings and CPTs a 
minimum of 50 feet. The preferred exploration method for the borings is mud rotary. Test pits will be 
accomplished with a backhoe or small excavator. 

The subsurface exploration plan should be reevaluated and coordinated with hazardous and toxic material 
investigations during PED to include chemical sampling and testing; see section 4-9.  

Sampling in the soil borings will be accomplished using standard penetration test (SPT) with samples 
taken typically every 2.5 feet for the top 25 feet and every 5 feet for the rest of the boring depth. Proposed 
soil lab testing will include moisture content, grain size analysis, and percent finer than #200 sieve. 
Atterberg limits and consolidation tests are recommended for cohesive soils, and unconfined compressive 
strength test for rock cores. 

4-4.4 Laboratory-Testing Program and Evaluations 
No laboratory testing or evaluation of materials has been completed at this time. 

4-5 ENVIRONMENTAL ENGINEERING 
This section describes environmental engineering factors relevant to the proposed design features. 

4-5.1 Use of Environmentally Renewable Materials 
At the conceptual design stage, use of environmentally renewable materials is not planned. If renewable 
materials are available they could be incorporated into the design. Specific details will be developed 
during subsequent design stages. 

4-5.2 Design of Positive Environmental Attributes into the Project 
The Dugualla Bay site was selected to address Barrier Embayment restoration objectives to restore 
sediment input and transport processes to littoral drift cells where bluff erosion sustains barrier beaches 
that form barrier embayments, and to restore the tidal flow processes within these partially closed 
systems. The proposed restoration would remove barriers to tidal hydrology in Dugualla Bay, allowing 
tidal exchange between the bay and Dugualla Lake, and creating a restored salt marsh system. The 
restoration would also replace portions of State Route 20 and Dike Road with bridges to restore a large 
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portion of the historical estuary. The development of new tidal channel networks will be beneficial for 
sustaining a nearshore tidal estuary ecosystem. 

4-5.3 Inclusion of Environmentally Beneficial Operations and Management for 
the Project 

Design and construction will incorporate sustainable and ISO 14000 compliant practices for operations 
and management. The USACE Environmental Operating Principles (EOPs) are designed to provide 
direction on achieving better stewardship of air, water, and land resources while showing the connection 
between managing those resources and protecting environmental health. The EOPs are to ensure that 
USACE actions consider the environment and are sustainable now and in the future. 

4-5.4 Beneficial Uses of Spoil or Other Project Refuse During Construction and 
Operation 

At the conceptual design stage, armoring rock debris that will be removed will be reused if suitable. If 
other spoils or refuse materials are available for reuse, they could also be incorporated into the design. 
Specific details will be developed during subsequent design stages.  

4-5.5 Energy Savings Features of the Design 
At the conceptual design stage, energy savings features have not been incorporated. In accordance with 
the EOPs, energy savings features will be a component of the design to the maximum extent practicable. 

4-5.6 Maintenance of the Ecological Continuity in the Project with the 
Surrounding Area and Within the Region 

The restoration will increase ecological continuity in the site and with the surrounding area. This is one of 
several sites designed to restore the productivity and increase interconnectivity of the Puget Sound 
ecosystem. 

4-5.7 Consideration of Indirect Environmental Costs and Benefits 
Indirect environmental costs and benefits will be evaluated during environmental assessments developed 
for each project at a later date. 

4-5.8 Integration of Environmental Sensitivity into All Aspects of the Project 
Construction will be conducted to ensure no deleterious impacts to the ecosystem will occur over the long 
term. Best management practices will be incorporated into the contract documents. Most management 
practices will cover erosion and sediment control, stormwater management, spill response and hazardous 
material management, trash and debris management, air emissions from construction vehicles, and noise 
standards. 

4-5.9 The Perusal of the Environmental Review Guide for Operations (ERGO) 
with Respect to Environmental Problems that Have Become Evident at 
Similar Existing Projects and, Through Foresight During this Design 
Stage, Have Been Mitigated/Addressed in the Project Design 

This is not a USACE operating facility. (Not applicable.) 
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4-5.10 Incorporation of Environmental Compliance Measures into the 
Project Design 

All applicable laws and regulations will be followed during design and construction in accordance with the 
USACE contract documentation. 

4-6 CIVIL DESIGN 
This section discusses the key elements of the civil design, including the selection of the site, basis of 
design, and constructability.  

4-6.1 Site Selection and Project Development 
The Dugualla Bay site was selected because it represents one of the best barrier embayment restoration 
opportunities in Puget Sound. The restoration would restore sediment input and transport processes to a 
littoral drift cell where sediments are needed to sustain barrier beaches that form barrier embayments. It 
would also restore the tidal flow to a large, partially closed system that historically provided high-quality 
estuarine marsh habitat.  

The main goal is to remove barriers to tidal inundation. Table 4-6-1 shows the key design elements 
associated with the restoration. Annex 1 contains exhibits that depict the proposed restoration and 
quantity estimates for design elements. 

Table 4-6-1. Key Design Elements 

Civil Design 
Element  Description of Element Approx. 

Quantity 

Dike Road - Remove 
Roadway and 
Replace with Bridge 

Remove 850 LF of the Dike Road roadway berm/dike 
(includes removal of additional 50 LF on north and south 
sides); assume average area 1,700SF (varies) 

53,500CY 

Build new bridge to span the opening 750 LF 

Remove existing tide gate/pumping station to restore 
historic tidal opening 

1 tide gate/pump 

Remove culvert (5feet-wide x 8 feet box culvert) at existing 
lake outlet 

160 LF 

Excavate New Tidal 
Channel and 
Lowland Excavation 

Excavate tidal channel opening (2,350 LF) at Dike Road; 
assume bottom width of approximately 20 feet at an 
elevation of approximately 0 feet (NAVD 88) and average 
volume of 156 CF per LF; excavate lowlands associated with 
tidal channel with average volume of 360 CF per LF over 
1035 LF 

27,400 CY 

Armor new channel opening at Dike Road bridge 120 LF 

Dike Road - Build 
Roadway Berm 
Transition 

Build 1,315 LF of northern roadway berm transition; raise 
the northern portion of the roadway (adjacent to the breach) 
an additional 3 feet; assume average volume of 150 CF per 
LF 

7,306 CY 

Build Roadway 
Embankment and 
Reconstruct Dike 
Road on 
embankment 

Build 1,000 LF of southern roadway berm transition; raise 
the southern portion of the roadway toward Frostad Road 
approximately 11 feet (move road onto roadway 
embankment); assume average volume of 550 CF per LF; 
relocate utilities 

20,370 CY 
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Civil Design 
Element  Description of Element Approx. 

Quantity 

Install Culverts Install two 5-foot x 80-foot box culverts through Dike Road 
embankment 

160 LF 

Remove Dike and 
Armor 

Remove the shore-parallel dike that runs east of and 
separate from Dike Road along the bay in the southeastern 
corner of the site; assumed 750 LF roadway removed, 
average vertical cut ~ 15 feet, average width of berm ~ 50 
feet 

20,000 CY 

Remove armor on the seaward side of dike  2,180 LF 

State Route 20 -  
Remove Roadway 
and Causeway Fill 

Remove 3,725 LF of existing roadway and causeway fill; 
volume varies  

115,235 CY 

Remove Box Culvert Remove 6-foot x 13-foot CIP box culvert at State Route 20 - 
crossing 

80 LF 

Build New Bridge  Build new bridge at State Route 20 crossing 200 LF 

State Route 20 - 
Build Roadway Berm 
Transition 

Build 1,180 LF of north roadway berm transition; build 
2,360 LF of south roadway berm transition; assume average 
volume of 656 CF per LF 

86,000 CY 

Fill Drainage 
Channels 

Fill linear ditches with imported material throughout site 7,200 LF 

Remove Existing 
Structures 

Remove multiple residential structures within the site Number to be 
confirmed during 
PED 

Restore Shoreline Import and place sand and gravel (18-inch average depth) 
for shoreline restoration on east side of Dike Road; assume 
placement over 33% of 520,000 SF area (173,000 SF x 18 
inches) 

9,610 CY 

4-6.1.1 Basis of design 

Dike Road and State Route 20 currently restrict tidal flow between Dugualla Bay and Dugualla Lake. The 
restoration of this site is designed to restore ecosystem processes and reestablish natural geomorphic 
conditions. The civil design is based in part on historical conditions as evidenced by 19th Century Coast 
Survey Topographic Sheets (Figure 4-6-1). Post-restoration site conditions are intended to resemble or 
replicate the historical morphology to the extent feasible. The east side of the historic tidal marsh was 
defined by two barrier beaches, a shorter one extending from the north, and a longer one extending from 
the south. The T-sheet shows a small island between the two barrier beaches that appears to indicate a 
secondary high tide outlet channel. No mudflat limit is shown on the T-sheet at the outlet of the historic 
estuary; only a beach 100 to 250 feet wide. At present, this location is characterized by extensive mudflat. 
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Figure 4-6-1. Historic Map (T-Sheet) and River History Project Data  

The proposed restoration includes removing culverts and portions of the roadway embankments and 
replacing them with bridges to allow tidal flux into the historical estuary. Residential structures and 
associated buildings that will be subject to flooding risk will also be removed. Other activities include 
removal of a dike on the seaward side of Dike Road, excavation of a new tidal channel at the opening, and 
shoreline reconstruction. The basis of analysis comes from site visits and LiDAR data (see Section 4-3 for 
additional information).  

Modifications to Dike Road 

In the vicinity of the existing tide gate/pumping station on Dike Road, the culvert and road embankment 
will be removed and replaced with a bridge (see Section 4-7 for a description of the bridge). The inlet 
channel at the opening will be excavated to restore tidal hydrodynamics and sediment transport 
processes. The extent of channel excavation was based in part on review of historical conditions. Two H-
sheets exist for Dugualla Bay and its vicinity: one from 1890 (H02050), which is before the estuary was 
separated from the bay; and one from 1939 (H06476) after the dikes were constructed across the mouth 
of the estuary. Study of the recorded conditions at the site shows a single channel into the estuary ranging 
in depth from approximately -3.7 feet (NAVD 88) (2 feet Mean Lower Low Water [MLLW]) to -9.7 feet 
(NAVD 88) (-8 feet MLLW). The channel width is approximately 20o feet as delineated in the H-sheet. 
This appears to be from top of bank to top of bank. As a comparison, the H-sheet from 1939 shows that 
the defined tidal channel across the mudflats in Dugualla Bay is all but gone, with a remnant low-lying 
area along the northern shoreline of the bay with elevations on the order of -1.7 feet (NAVD 88) (zero feet 
MLLW).  

In addition to considering historical estimates of channel geometry, designers used two different methods 
to estimate channel dimensions required to restore Dugualla Lake, with similar results from both 
calculations. The first method used information from Figure 2 of the Applied Geomorphology Guidelines 
and Hierarchy of Openings (an attachment to this engineering appendix). Empirical models calibrated 
with field data were used to develop a relationship between the surface area of a marsh and its associated 
channel hydraulic geometry. For the proposed 720-acre surface area of Dugualla Lake, the predicted cross 
sectional area of the channel would be 2,150 SF. Assuming the historical channel width of 200 feet, this 
equates to a channel depth of approximately 11 feet MHHW. This is equivalent to channel thalweg 
elevation of approximately -2.0 feet (NAVD 88). 
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The second method was taken from GITI Report 3: Tidal Prism / Inlet Area Relationships by James T. 
Jarrett of the USACE (USACE, 1976). This paper used data from inlets on the Atlantic, Pacific, and Gulf 
Coasts of the United States and developed relationships between the tidal prism flowing through the inlet 
and its associated area. Multiple equations were developed based on the location of the inlet and the jetty 
configurations. The tidal prism of Dugualla Lake was estimated by calculating the volume of the basin 
filled to local MHHW (+9.02 feet NAVD 88) using the available Digital Elevation Model (DEM) and 
subtracting the volume at MLLW (-1.78 feet NAVD 88). The resulting tidal prism was approximately 
3,300 acre-feet (144 million cubic feet). This calculation excluded the depth of Dugualla Lake (which is a 
data gap for this study) and future topography changes within the restored estuary and is thus 
approximate. Assuming the historical channel width (top of bank to top of bank) of 200 feet, the predicted 
channel depth at mean sea level is 9 feet. This corresponds to a thalweg elevation of approximately -5 feet 
(NAVD 88). 

Because the site was separated from the bay, significant deposition has occurred along the shoreline 
adjacent to the historical mouth of the estuary. Mudflats along this stretch of shoreline have elevations of 
approximately 5.0 feet (NAVD 88). Returning the channel to its historical width and depth would involve 
a tremendous amount of lowland excavation and dredging of the mudflats, and it would limit complexity 
and migration of the channel based on natural processes. Therefore, the restoration proposes excavation 
of a starter channel, which will allow full tidal inundation into the estuary and restore tidal 
hydrodynamics and sediment transport processes to the site. The channel alignment will follow the 
historical alignment shown on the H-sheet (approximately). The excavated channel will have a 20-foot 
bottom width at zero feet (NAVD 88) with an average 40-foot top width. This will jump-start the 
development of the larger and deeper equilibrium channel geometry estimated above.  

The proposed 750-foot bridge span at the inlet opening represents approximately 3.75 times the historical 
channel width and about 27% of the historical estuary width. The new span will extend the hydraulic 
opening by 740 feet. The span width will provide for some channel migration and development of marsh 
plain and ebb/flood shoals, but it will not fully restore the historical conditions in this location. 
Substantial mudflat development has occurred since the construction of Dike Road, suggesting that a 
greater span width would help to reduce the risk of sedimentation blocking the inlet and reducing the 
effective tidal prism, especially as the tidal basin will be smaller than the historical condition due to fill for 
State Route 20 and Whidbey NAS. Additional analysis of span width will be conducted during PED. 

Dike Road will be raised to a minimum elevation of 14.8 feet along the entire existing alignment. Dike 
Road will be designed to Island County road standards. The horizontal geometry meets the standards for 
the 35 mph design speed for this roadway classification with use of superelevation. The roadway 
embankment will transition up to the bridge section (elevation 21 feet NAVD 88) spanning the tidal 
channel.  

The southern portion of Dike Road will continue to inhibit tidal exchange between the eastern and 
southeastern portion of the restored estuary because of the increased height of its embankment, which is 
necessary to allow for the continued use of Dike Road. To allow tidal hydrology under Dike Road in this 
location, two new box culverts will be installed. 

Shoreline armoring (rock riprap) will also be removed from the seaward side of the dike (the armor 
appears to be intermittently placed along the dike, so the precise extents will need to be determined 
during PED; approximate length of armor removal is 2200 feet), and the shoreline will be planted with 
supratidal grasses and herbaceous perennials. Imported sand and gravel will be placed to restore the 
upper intertidal area following removal of the dike. The nature of materials that will be exposed when 
removing road and dike fill is not known. While drift will provide sediment over time, it is reasonable to 
assume that some amount of beach nourishment using imported material will be required to more rapidly 
restore areas affected by excavation. Additional armor may be associated with existing outfalls along the 
dike and will also be removed if present. See Section 4-4.1 for a description of data sources used during 
conceptual design. 

Refer to the exhibits in Annex 1 for a complete depiction of restoration elements and the quantities and 
dimensions used in cost estimation. 
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Modifications to State Route 20 

On State Route 20, the existing culverts conveying Dugualla Lake inflow and a portion of the road 
embankment will be removed and replaced with a bridge. The proposed 200 LF bridge span was selected 
based on similar scaling down from historical conditions as described above for the Dike Road bridge. The 
200 LF span will allow the highway to bridge the relict channel in this location, which is anticipated to 
allow full tidal hydrology to the remaining low area west of State Route 20. The new span will extend the 
hydraulic opening by 187 feet. 

State Route 20 will be designed per the WSDOT Design Manual. The finished grade of State Route 20 will 
be a minimum of 14.8 feet along its entire length, approximately 9 feet higher than the existing roadway 
elevation. The roadway embankment will transition up to the bridge section (elevation 21 feet NAVD 88) 
spanning the tidal channel. The intent is that the highway will remain open to traffic during construction 
and, therefore, the new alignment would be constructed parallel to the existing alignment, and the 
existing embankment would be removed once the new roadway and bridge are completed.  

Exhibit D shows State Route 20 and proposed bridge. 

Topography Restoration 

The proposed restoration includes mechanical modification to upland areas. Approximately 1,700 CY of 
small upland berms will be removed in target areas. Existing ditches will be filled in to promote sheet flow 
and limit channelized flow within the newly restored estuary. Excavated material from onsite will be 
considered for use in filling the existing ditches. The suitability of material will be determined in 
subsequent phases of design.  

4-6.1.2 Constructability 

Construction activities will need to be sequenced and staged to accomplish most of the work before the 
Dike Road dike is breached. Staging areas for construction are assumed to be available in the upland areas 
surrounding Dugualla Lake. Most of the earthwork could be accomplished with low-ground-pressure 
equipment such as a tracked excavator. This equipment could also be used to place other materials such 
as sand/gravel on the restored shoreline. Excavated materials will be disposed of offsite, unless they are 
determined to be suitable as fill material for ditches. Armoring removed from the seaward side of the dike 
has been identified as potentially suitable for reuse onsite. Potential borrow sources and disposal sites will 
be identified during PED as discussed in Section 4-4.1.11. 

Settlement of the native soils from the addition of roadway fill is not anticipated to be significant. 
However, geotechnical evaluation will be needed to confirm that any soil consolidation would occur 
during construction, without the need for extended settlement monitoring. See Section 4-4 for additional 
information on geotechnical evaluations and studies needed during PED.  

Earthwork seaward of the dike would be limited to low tide hours, most likely in the summer and possibly 
only during certain tidal cycles. Excavation of the proposed starter tidal channel would be accomplished 
during low tide, when the bay becomes dry, to the extent possible. See Section 4-10 for additional 
information on construction procedures and Section 4-20 for the anticipated schedule for construction.  

4-6.2 Real Estate 
Real estate assumptions, valuations, and planning documents have been appropriately scaled for the 
current level of design. As additional surveys, modeling, and design are completed during PED, the real 
estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, Appendix F, Real Estate Plan. 

4-6.3 Relocations 

The proposed bridge and raising of the Dike Road embankment will require the relocation of overhead 
electrical transmission and distribution lines and fiber optic cable located beneath the roadway prism. 
Overhead power and fiber optic will be relocated onto the new bridge structure. The existing pump system 
used to dewater the agricultural field will be abandoned and removed from the site. Additional utilities, 
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including utilities associated with residential structures, may be present in the area. A utility survey will 
be completed during PED. The known utility relocations are summarized in Table 4-6-2. 

Table 4-6-2. Facility / Utility Relocations 

Facility / Utility Activity Subsequent Design 

Overhead power 
distribution and 
transmission lines 

Relocate 2,315 LF to 
follow the new bridge and 
roadway alignment  
New 750 LF routed across 
bridge 

Island County transmission lines are 
owned by PSE. Coordinate with 
utility owner on relocation design 
effort, and phasing of work.  

Fiber Optic  Relocate 2,315 LF of 
conduits to follow the 
new bridge and roadway 
alignment. 
New 750 LF routed across 
bridge  

Coordinate with utility owner on 
relocation design effort, and phasing 
of work.  

Tide gate /pump 
station, culverts 

Remove  Not applicable. 

US Navy drainage 
removal 

To be determined.   Impacts to be analyzed during PED.  

Sanitary sewer septic  
systems 

Determine locations and 
assess removal or 
relocation if applicable  

Septic systems will be analyzed 
during PED. See Section 4-2. 

Water well Determine locations and 
assess protection or 
removal / relocation if 
applicable.  

Need for decommissioning analyzed 
during PED. 

4-7 STRUCTURAL REQUIREMENTS 
This section discusses the structural elements of the proposed restoration including preliminary design 
requirements and criteria for bridges or roads, a description of major structures and construction 
considerations, and recommended analyses. 

4-7.1 Functional Design Requirements and Technical Design Criteria  
Two roadway bridges are proposed for the restoration of the Dugualla Bay site: 

1. Dike Road:  750-foot-long bridge; replaces a culvert, tide gate, and embankment. Extends the 
hydraulic opening by 740 feet.  

2. State Route 20:  200-foot-long bridge; replaces a culvert and roadway embankment. Extends the 
hydraulic opening by 187 feet. 

Functionally, the design requirements are to identify a cost-effective, constructible roadway bridge 
structure that will support two lanes of traffic, provide for prescribed horizontal and vertical hydraulic 
openings, require minimal capital to maintain, meet the AASHTO Bridge and Geometric design 
specifications and WSDOT Bridge Design Manual specifications, and have a design life of no less than 75 
years.  

The current AASHTO Seismic Design guide specifications are intended for conventional bridges designed 
for the life safety performance objective considering a seismic hazard corresponding to a seven percent 
probability of exceedance in 75 years. This implies that a bridge, when following these specifications, has a 
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low probability of collapse in a 1000-year event but may suffer significant damage and that significant 
disruption to service is possible.  Partial or complete replacement of the bridge may be required.  A higher 
level of seismic performance may be selected by a bridge owner who wishes to have immediate service and 
minimal damage following a rare earthquake.  Seismic engineering analysis and design costs as well as 
construction costs should be expected to increase as the post earthquake performance objectives are 
increased.  

Whether a bridge is considered “regular” or “not-regular” is a function of its physical characteristics.  A 
regular bridge is a bridge that has fewer than seven spans, no abrupt changes in weight, stiffness, or 
geometry.  Regardless of its regularity, a bridge shall be designed with earthquake resisting systems (ERS) 
corresponding to the requirements of a Seismic Design Category (SDC) of C or D (typical for the Puget 
Sound region).  As such, the regularity was not assumed to impact construction costs directly for this level 
of design.  Determination of the Seismic Design Category, SDC, is based on the parameters identified in 
Section 4-7.9.  A category of D would result in more complex analysis and detailing requirements.  This 
suggests an increase in both the design and construction costs associated with the foundations, columns, 
and connectivity between these structural components. An important criterion for selection of this bridge 
type at this site is that it must provide a simple and repetitive structural concept. The bridge type must 
also be one that is straightforward to build, facilitating a healthy bidding climate, meets the goals stated 
above, and is considered, within industry standards, to be a cost-effective solution. 

The State Route 20 bridge consists of two 100-foot spans; the Dike Road bridge consists of seven,  107-
foot spans. The bridges will be constructed of concrete shaft foundations, concrete piers, concrete girders, 
and a concrete deck. A high-quality, dense mix concrete design should remain functional throughout the 
life of the bridge and require minimal maintenance.  

Pre-stressed concrete girders consist of a very high-quality concrete; they are the most common type of 
girder used in Washington because of superior local fabrication skills and the availability of high-quality 
local aggregate. Pre-stressed concrete girders are lower-maintenance structures than their steel 
counterparts and are competitively priced with steel girders. The economy in structural design can be 
achieved by designing around the standard girders from the Bridge Design Manual Span Capability Sheets 
as long as the selected standard design meets the geometrical requirements of the particular bridge. Deep 
shafts are used in liquefiable soils, which are commonly found in the flat tidal zones of Puget Sound. The 
design objective is to extend the foundation shafts through the liquefiable soils and drill them well into the 
underlying glacial soils to provide the necessary lateral support for the structure during a seismic event. 
See Section 4-4 for additional information. 

An elevation of  3 feet above Extreme High Water (EHW) to the bottom of the bridge soffit, which is the 
lowest point on the bridge, is selected in order to provide adequate clearance for debris in the EHW event. 
This places the State Route 20 bridge deck at about 21 feet elevation, and the Dike Road bridge deck at 
approximately 21 feet elevation (NAVD 88). Subsequent design will evaluate the minimum clearance 
requirements for this site for large debris taking into account future sea level change projections identified 
in section 4-2.1.9. 

The structural design will conform to the most current edition of the standards shown in Table 4-7-1. 

Table 4-7-1. Structural Requirements 

Item Description 

Design Specifications  
 

• WSDOT Bridge Design Manual, current edition 

• AASHTO LRFD Seismic Bridge Design, current edition  

• AASHTO LRFD Bridge Design Specifications, current 
edition  

Load Criteria  
 

• Live Load:  HL-93 (HS-20 Truck + 0.64k/ft lane), 1.3 
Impact Factor 

• Load Combinations:  Per Table 3.4.1-1 LRFD (Load 
Combinations and Load Factors) 
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Item Description 

• Pedestrian (if required):  75 psf 

• Dead:  Concrete = 0.16 K/cu ft, Steel 0.49 k/cu ft. 

4-7.2 Survey, Hydrologic, Hydraulic, and Geotechnical Data Used  
LiDAR survey and probable water surface elevations were used to develop the conceptual plan. For 
information about data used for the conceptual design, see Section 4-3.  

No geotechnical data were available at the time of the conceptual design. Numerous borings will be 
required to facilitate development of an accurate cross section of the geology below the bridge. Typically, 
the borings should extend about 100 feet below ground. During the conceptual design phase, typical 
nearshore soil characteristics of Puget Sound were used to select the bridge foundation type. Geotechnical 
investigations will be required for completion of PED; see Section 4-4.3.  

4-7.3 Site Selection Studies 
The site selection is summarized in Section 4-6. 

4-7.4 Major Structures 
Several technical considerations were used to decide on the type of bridge used for the project, including: 
a cost-effective structure that provides a hydraulic opening that meets the restoration goals, sufficient 
geometrical and structural capacity to safely meet traffic demands, and sufficient capacity to meet seismic 
demands. Hydraulic openings are affected by bridge length and distance between piers. Bridge 
superstructure depth is affected by span length. Subsequent design may reevaluate the conceptual design 
for refinements of type, size, and location. The basis of design at the conceptual phase established the 
following parameters: 

Span Length: In general, span length is highly influenced by the minimum or desirable hydraulic goals. 
Other factors that can affect the span length are good soils for foundations, minimizing piers in the 
waterway, achieving sufficient space at the banks to gain inspection access below the bridge, and the 
elevation of the water in the 100-year flood. 

The State Route 20 bridge total span length of 200 feet (pier spacing at 100 feet) meets the minimal 
desirable hydraulic opening for this location. The Dike Road bridge span length of 750 feet (7 pier spacing 
at 107 feet) meets the minimal desirable hydraulic opening for this location and sufficiently spans the 
primary waterway.  

Bridge Type: The bridge type recommended for this site is a pre-cast, pre-stressed concrete girder 
bridge. This means the deck is supported by girders below the roadway. The girders are supported by cap 
beam which comprise the transverse beam of the pier system. The State Route 20 bridge is a continuous 
bridge. This means that it will have no intermediate joints between abutments and provide for a 
continuous deck over the piers. This allows for a structurally efficient system reducing the girder depth 
but also restricts leakage of water from the deck onto the piers by eliminating expansion joints. The bridge 
deck and girders will have expansion capabilities at their abutments. The Dike Road bridge will be 
continuous with minimal introductions of intermediate expansion joints.  

The girders will be constructed of pre-cast and pre-stressed concrete. They will be fabricated offsite and 
shipped by truck to the site for installation. Standard WSDOT pre-cast concrete girders are an efficient 
and economical bridge type for continuous span construction. 

Depth of Structure: conceptual design assumes that the bridge superstructure will have a total depth of 
5-foot-2-inches measured from top of deck to bottom of girder. Each bridge will be set at 3 feet above 
MHHW to provide adequate clearance for debris. 

Alignment Considerations: State Route 20 needs to remain open during construction. The new bridge 
will need to be built parallel to the existing State Route 20 roadway embankment.  



Engineering Appendix  Section 4 
Dugualla Bay   Page 32 

4-7.5 Describe Evaluation and Selection of Substructure Alternatives Based on 
Economy and Performance 

These bridges are located in an estuarine environment, likely requiring deep foundation. The geotechnical 
engineer will make the final recommendations based on data obtained from the onsite boring logs and the 
structural engineer.  

The soils at this site are likely to experience liquefaction during an earthquake. As such, the shafts will 
have to extend downward through the soft materials to stiff glacial soils for a solid fixed embedment. 

The cost comparison between types of deep foundations (piles versus shafts) does not always result in a 
clear cost advantage for either foundation type. Many factors come into play such as availability of 
equipment to a contractor, a contractor’s preferred method, the depth of the footing and the ease of 
access, construction schedule, and depth of foundation. In general, cost is not a determining factor for 
deep foundation type. Forces, displacement, and geological conditions will determine which system is best 
to use. 

General and local scour is always a consideration with deep foundations. Subsequent design will include a 
hydraulic scour analysis. Protection of the structure from hydraulic scour may compete with the goals of 
the restoration. Preliminary design will evaluate these considerations and mitigate accordingly.  

For additional information, see Section 4-4. 

4-7.6 Construction Considerations 
Traffic will be maintained on the existing State Route 20 during construction of the new bridge, which will 
be constructed to the east and parallel to the existing roadway alignment. Traffic can be maintained in two 
directions with minimal impacts. Impacts would be related to the issues of construction equipment 
coming and going to the site. 

There may be some difficulty delivering the girders to the site due to their length and weight. However, 
WSDOT has built bridges of similar type and size on Whidbey Island and thus must have faced similar 
challenges which were resolved. Options may include: 

• Trucks with girders can travel on the ferry and drive directly to the site. 

• Deliver girders by barge, if trucks with girders cannot travel on ferry, to a location where they can 
be placed on a truck and driven to the site. 

• Use steel girders rather than concrete girders. Steel girders are lighter to ship, easier to place, and 
can be field spliced together if necessary. However, steel is generally more expensive than 
concrete girders and normally has higher annual maintenance costs. 

At this time, work is anticipated to require drilling rigs to install the shafts. Other equipment may include 
excavators, cranes, concrete trucks, and dump trucks. However, placing foundations is always a challenge 
and may require temporary fill areas to facilitate the heavy crane. For additional information, see Section 
4.4. 

4-7.7 Stability Analyses 
Bridge stability is a fundamental component in the design process and depends on boundary conditions. 
In general, the bridges are made stable by fixity in the soil structure relationship, fixity between the cap 
beams and the foundation elements, and designing/detailing for various unbalanced loads. Longitudinally 
the bridge superstructure is held in position and restrained during earthquakes by positive connectivity to 
each intermediate pier, either “pinned” or “fixed.”  The bridge superstructure, however, is allowed to 
expand at each abutment. Transversely the bridge is tied together along its length, fixed or pinned to each 
pier, and designed to transfer all transverse loads directly to the foundation. 
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4-7.8 Stress Analyses 
Stress analyses are a fundamental component in the design process and serve as the basis of how all 
structural elements are selected. Design shall be in accordance with governing standards of the WSDOT 
Bridge Design Manual and the AASHTO LRFD Manual. 

4-7.9 Seismic Analyses 
All seismic analyses are performed in compliance with the WSDOT requirements and the AASHTO LRFD 
Seismic Design Specifications. These bridges are located in an active seismic zone and will be designed for 
a seismic event with a 7% probability of exceedance in 75 years (approximately a 1,000-year return 
period). 

The essential seismic parameters to develop the Design Response Spectrum are arrived at by the 
geotechnical engineer, if site specific; see Section 4-4.1.7 for details of the seismic analysis.  

4-7.10 Thermal Stress Analysis 
Thermal analysis is a fundamental component of the design process and will be considered per the 
AASHTO LRFD design specifications. In general thermal stresses are handled by providing expansion 
joints in strategic locations to permit a bridge to expand and contract without a large buildup of stresses 
or movement.  

4-7.11 Other Analyses 
The conceptual design has been based on traffic requirements, hydraulic analyses, loading requirements 
of structures, and constructability considerations.  

4-7.12 Additional Studies, Tests, and Analyses 
The information needed to design a bridge is generally captured in the following studies, tests, and 
analyses:   

• Boundary and Topographic Survey  

• Geotechnical Investigation and Report 

• Hydraulic and Scour Analysis 

Additional investigation and studies may be required for permitting or other site requirements unrelated 
to the infrastructure. See Section 4-21 for a complete list of recommended additional studies and 
investigations. 

4-8 ELECTRICAL AND MECHANICAL REQUIREMENTS  
Electrical and mechanical structure requirements are not applicable to this site.  

4-9 HAZARDOUS AND TOXIC MATERIALS 
Civil work projects characterize HTRW according to ER 1165-2-132. It defines HTRW as “HTRW 
includes any material listed as a "hazardous substance" under the Comprehensive Environmental 
Response, Compensation and Liability Act, 42 U.S.C. 9601 et seq (CERCLA). (See 42 U.S.C. 9601(14). 
If a contamination at a site is the result an uncontrolled release it meets the definition of HTRW. If the 
material is used for its intended purpose (application of pesticides IAW labeled directions) or released via 
a permitted structure (stormwater pipe), the contaminant would not be considered HTRW material. 
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An Environmental Site Assessment Level I survey was completed by the project sponsor on 22 Feb 2011 
. The Phase I level survey noted that no hazardous substances or other environmental problems were 
present on the properties within the footprint and there were no obvious signs of any effects of such 
substances or problems. No structures were accessed to determine the potential presence of asbestos or 
lead-based paint. Since multiple structures (including residential) are recommended for removal, a survey 
of each building for asbestos and lead-based paint should be conducted prior to deconstruction. The soils 
around the structures should be surveyed if an UST or AST, that may be associated with heating or fuel for 
agricultural practices, is discovered and has indications of an uncontrolled leak.  

Information from the Whidbey NAS Rod (1995) found no chemicals of concern (COC) in the clam tissue 
samples collected from Dugulla Bay and no COCs were identified for the sediments in Dugualla Bay. 
Further, the ROD found that  no metals or organic compounds exceeding federal or state surface water 
quality standards (acute and chronic criteria for freshwater aquatic organisms) were detected at any 
surface water sampling station in the Clover Valley Lagoon(aka Dugualla Lake). The ecological risk 
assessment conducted and reported in the ROD concluded that adverse effects from the chemicals 
detected in the sediments are unlikely and that the bioassay test results for lagoon sediments confirmed a 
low potential for ecological impacts. The ROD concluded “In consideration of CERCLA requirements and 
the evaluation of risks associated with the Clover Valley Lagoon and Dugualla Bay, no remedial actions 
are deemed to be necessary for this portion of OU 3 to ensure adequate protection of human health and 
the environment. This decision is based on the following: 

• No significant human health risks were identified for exposure to chemicals detected in either the lagoon 
or the bay. 

• No ecological risks were identified for Dugualla Bay. 

• No ecological risks were identified for the surface water in the lagoon. 

• Some potential for adverse ecological effects was identified in the baseline risk assessment for chemicals 
detected in the lagoon sediments. However, the level of risk is low and does not warrant remedial 
actions.” 

A review of the Washington Department of Ecology Facility/Site provides information on facilities and 
sites of environmental interest see figure below) and EPA EnviroFacts database was accessed on 30 April 
2014. A facility which has been given a site ID may be associated with a permitted generator, stormwater 
discharge permit, or storage facility etc. ID numbers are not necessarily limited to those sites where a 
release occurred. If a release occurred and is under investigation, there is a possibility that the facility may 
be further investigated and then listed on the Confirmed and Suspected Contaminated site list or the 
Hazardous Sites list. 

The Ecology list four sites within the project boundaries: RCAG Whidbey Isalnd (FS ID 18422152) as an 
UST removed in Jan 1, 1972, W Frostad Road and W Sleeper Rd is a state cleanup site (FS ID 1087945 
awaiting cleanup), We Dig it Gravel Inc for recycling and storage and handling (FS ID 8236182), Frostad 
Road improvements non enforcement final on 7/30/2010 (FS ID 23027). Krieg Construction (FS ID 
24573) a sand and gravel mining company, and Kellogg Property (FS ID 6134855) a voluntary cleanup site 
(NFA May 27, 2008) are adjacent to the project footprint. One is on the Ecology Confirmed and Suspected 
Contaminated Site List for Island County (only lists sites that are undergoing cleanup or awaiting further 
investigation) and the Hazardous Sites List (only lists sites that have been assessed and ranked - updated 
Feb 26, 2014).No additional information on the sites is available on the web page. 
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4-10 CONSTRUCTION PROCEDURES AND WATER CONTROL 
PLAN   

The proposed restoration will involve earthwork and exposure of bare ground during Dike Road 
modification, channel network excavation, parallel dike removal, State Route 20 roadway removal and 
new bridge construction, utility relocation, filling of linear ditches, removal of berms, and shoreline 
restoration. At this stage of design, it is assumed that standard best management practices will be 
implemented to control erosion and sedimentation and ensure construction areas are stabilized as needed 
to prevent adverse impacts. A standard temporary erosion and sediment control plan will be developed 
during PED.  

The proposed restoration will also involve in-water work during culvert removal and replacement, and 
tide gate and pump station removal. Work will be sequenced to avoid or limit in-water work for bridge 
construction. Both channel excavation and bridge construction can take place prior to removal of the tide 
gate and portions of Dike Road to limit exposure of work areas to water. Standard soil cover and 
stabilization practices will be implemented to stabilize the channels prior to introduction of water. 

Stream diversion will be required to remove the existing box culvert beneath State Route 20 in dry 
conditions. Best management practices for the removal of the culvert beneath Dike Road and associated 
pumps may include a cofferdam or other measures to protect the work zone from the tides.  

Shoreline restoration activities and removal of existing roadway will require measures to protect from 
tidal influence and release of sediments. Specific measures of the in-water work plan will be determined 
during PED. 

Specific measures for construction procedures and water control will vary depending on the location and 
nature of the work. State and federal resource agencies will impose specific timing restrictions on in-water 
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work to protect fish and wildlife. In addition, specific measures may be required under site-specific permit 
requirements and to protect downstream infrastructure or built environments. The erosion and water 
quality control plan will also need to consider and incorporate the findings of future analyses for 
hazardous and toxic materials at the site (as described in Section 4-9). A complete description of best 
management practices will be determined during PED. 

4-11 INITIAL RESERVOIR FILLING AND SURVEILLANCE PLAN  
The proposal is for ecosystem restoration. (Not applicable.) 

4-12 FLOOD EMERGENCY PLANS FOR AREAS DOWNSTREAM OF 
CORPS DAMS 

The proposal is for ecosystem restoration. (Not applicable.) 

4-13 ENVIRONMENTAL OBJECTIVE AND REQUIREMENTS 
All necessary information to develop designs, plans, and specifications, and to execute construction and 
operations is included in the Project's supporting documents including the U.S. Fish and Wildlife Service 
report titled "Strategic Restoration Conceptual Design - Preliminary Environmental Contaminant, 
Cultural Resource, and Endangered Species Site Evaluations."The environmental information developed 
for the analysis in the Environmental Impact Statement provides additional environmental objectives and 
requirements for final site design development. As summarized in Section 4- 6, Civil Design, substantial 
environmental information was developed for the Feasibility Study regarding environmental problems, 
opportunities, and constraints such that the Corps could estimate costs of the restoration sites and 
prepare the Real Estate Plan.  

4-14 RESERVOIR CLEARING 
The proposal is for ecosystem restoration. (Not applicable.) 

4-15 OPERATION AND MAINTENANCE (O&M) 
Operations and maintenance costs for the Dugualla Bay restoration are related to removing portions of 
existing roadways, dikes, and culverts; constructing new bridges; and realigning roadways. Overall, a 
slight reduction in average annual O&M costs is expected, estimated at $1,920 per year on average over a 
50-year period of analysis. The small change in O&M costs is due to the similarity in size and overall 
length of transportation infrastructure at the site. Even though bridge lengths may increase, WSDOT staff 
has indicated that bridge maintenance costs do not vary greatly with bridge length (Wilson, 2011 and 
Baroga, 2011). 

Maintenance costs for roadways and road bridges were developed based upon information in the WSDOT 
Pavement Policy. It is assumed that all roadways are constructed with hot-mix asphalt and that the 
maintenance of a particular road will occur as part of a larger effort that includes adjacent road sections. 
The bridge will be constructed using pre-stressed concrete girders, which are commonly used due to their 
low maintenance costs. Maintenance activities include the following during the 50-year period of analysis: 

• Roadway asphalt overlay twice;  

• Roadway grind and inlay once; 
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• Road bridge inspection every other year; and 

• Road bridge cleaning at least once per year.  
 

At the current level of site design, all O&M activities have not been identified. Additional assessment of 
O&M activities will be conducted during PED. 

4-15.1 33CFR Part 208 Projects 
The proposed site is not a flood control project to be maintained and operated according to regulations in 
33 CFR 208. (Not applicable.) 

4-15.2 Channel or Basin Clean out Projects 
No channel or basin cleanout activities are proposed. (Not applicable.) 

4-15.3 Multiple-Purpose, Complex Projects with Power Production 
No power production is proposed. (Not applicable.) 

4-15.4 Frequency and Cost of Maintenance Dredging 
No maintenance dredging is proposed. (Not applicable.) 

4-16 ACCESS ROADS  
No temporary or permanent access roads are anticipated. Access and staging for the proposed State Route 
20 bridge construction will be provided via the land adjacent to the causeway. The new roadway 
embankment for State Route 20 leading up to the proposed bridge will be constructed parallel and east of  
the existing State Route 20, which will allow for traffic to be maintained during construction. Once State 
Route 20 is completed, the existing fill embankment will be removed. Access and staging for the proposed 
Dike Road bridge construction will be provided via the existing roadway dike/embankment. 

4-17 CORROSION MITIGATION     
Typical design standards use materials that are suitable for a marine environment such as concrete and 
galvanized steel pipe. Concrete was selected for the bridge superstructure and for the drilled shafts. If an 
alternate foundation system is selected, such as CIP steel piles, then galvanized steel should be used. 
Corrosion is generally not an issue for buried utilities or overhead power lines.  

4-18 PROJECT SECURITY 
The proposal is for ecosystem restoration. (Not applicable.) 

4-19 COST ESTIMATES 
The Dugualla Bay cost estimate of $92,195,000 (1Q FY2015 dollars) consists of costs to allow for 
tidal flow and for the restoration of a salt marsh at a site on Whidbey Island in Washington 
State. Two roadways will be removed and replaced with new roads on raised berms and bridges. 
Other work includes the removal of existing levees and water control structures, control of 
invasive species, and plantings in the tidal area.  The largest cost driver is the cost of realigning 
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the SR-20 berm.  This cost is based on the assumption that all of the soil used in the new berm 
will be imported and all of the soil from the old berm will be exported. As SR-20 is the area’s 
primary evacuation route, it is likely that traffic will need to remain uninterrupted.   

Other substantial cost drivers include the demolition and replacement of dike road, placing new 
utilities on dike road, and placing vegetation.  

Following a formal cost and schedule risks analysis meeting held on July 16, 2012, a contingency 
of 21% was developed.  This risk analysis was reevaluated in 2014 by Cost Engineering.  The 
largest risk item is the equipment accessibility at the site.  If soil conditions are unsuitable for 
equipment to travel on, a production slowdown or change in work method could be required.  
Weather days are included in construction contracts to mitigate this, but if extensive issues 
continue, costs could be significantly impacted.  Additionally, due to the margin of error 
inherent in the aerial surveys done on the area, there is a possibility that earthwork quantities 
will increase.  This could increase construction cost and scheduling requirements.  Other 
scheduling risks include the possibility of deeper bridge piers being necessary. The bridge design 
used in this project is standard across all PSNERP projects, but might not be appropriate for this 
site. If this is the case, the construction schedule will be pushed back.    

There are potential impacts to function that are not related to cost.  At present, it is not known 
what retrofits may be required at the Naval Air Station to accommodate the site restoration.  The 
scope at the western portion of the site (west of SR20 may need to be changed/reduced because 
of concerns for drainage of Ault Field, flooding damage to runway lights and increase in 
frequency of bird strikes.  This coordination between the PSNERP project and the NAS would 
need to be done during PED.  Additionally, the starter  channel is assumed to widen and deepen 
to an equilibrium that will support required flows, however this has not been verified by 
analysis.  The channel size assumptions will need to be evaluated as part of the hydraulic 
modeling done during PED. 

Finally, there is a potential for wind waves to impact some parts of the shoreline where armor is 
being removed, especially near the proposed tidal channel. 

Opportunities to reduce project cost include the uncertainty over how this project will be 
contracted. PSNERP projects assume small business contracting, but it is possible that a less 
selective method will be allowed, decreasing costs. This activity, storm surge and wave setup will 
be evaluated during PED, and shoreline will be adjusted accordingly. 

4-20 SCHEDULE FOR DESIGN AND CONSTRUCTION 
The proposed restoration at Dugualla Bay is considered highly complex. Based on the level of 
complexity, the anticipated design period for the site is approximately 4 years. This includes 
preparation of final design, plans and specifications, and the construction contract. 

The anticipated construction period for embankment removal and bridge construction is 78 to 
104 weeks. Construction of the two-span bridge structure is anticipated to require up to 6 
months, and construction of the seven-span bridge structures is anticipated to require up to 10 
months. Any in-water construction activities will take place during work windows established by 
regulatory agencies. Construction activities within the estuary would be completed first, since 
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equipment access would be limited under tidal action after the dike is breached. Earthwork 
seaward of the dike would be limited to low tide hours, most likely in the summer and possibly 
only during certain tidal cycles. Excavation of the proposed tidal channel would be accomplished 
in the dry season to the extent possible.  

Property acquisition and permitting timelines are not included in this duration, but the time 
required to complete these upfront activities is expected to be substantial. 

4-21 SPECIAL STUDIES 
Table 4-21-1 summarizes recommended studies and additional investigations needed to support 
subsequent stages of design and implementation. Unless otherwise noted, these studies are recommended 
to take place during PED. 

Table 4-21-1. Special Studies Recommended for the Dugualla Bay Site 

Type Basic Requirements 

Property 
Investigation/ 
Survey 

• Compile more detailed information on parcel ownership and property boundaries 
to finalize the design, confirm acquisition requirements, and support negotiations 
with property owners. 

Topographic/ 
Bathymetric 
Survey 

• Obtain bathymetry survey data within Dugualla Lake and Dugualla Bay adjacent 
to the site.  

• Complete a topographic survey of the entire upland area that would be affected by 
tidal inundation, as well as State Route 20, Dike Road, and other dikes/fill within 
the site.  

• Survey all hydraulic structures (culvert at State Route 20, tide gate infrastructure) 
to refine design of key project elements, develop detailed construction and 
demolition plans, and serve as a baseline for pre- and post-construction 
modeling, including hydrodynamic modeling. 

• Surveys the top and toe elevations of Dike Road on the beach and lake sides, the 
dike top and toe south of Dike Road, State Route 20 top and toe elevations, and 
the culvert invert elevations on the upstream and downstream ends. 

Hydraulic 
Analysis/ 
Modeling 

• Combine review of aerial photographs with field surveys to quantify channel 
topology and hydraulic roughness and inform geomorphic evaluation under 
restored conditions 

• In order to predict the with-project water surface profiles and flood elevations 
(including 500-year flood elevation), use a 2-D coastal hydrodynamic model 
which reflects the proposed geometry within the site. The model should include 
local inflows from surface and possibly groundwater inflows. Conduct a stage-
discharge analysis for local inflows. 

• Evaluate the depths and velocities at the tidal inlet opening and in the tidal 
channels in order to design roadway berms, culverts and bridges and assess flow 
effects in and around the site.  

• Review the potential effects on water wells, septic systems, and groundwater 
seepage. Review the location and depth of any wells in the area of potential 
hydraulic effect. Address the extent to which changes in tidal prism will affect 
leach fields and groundwater flow. 

• Formulate a monitoring plan, including any required field surveys or 
instrumentation that will be used to evaluate the project’s hydraulic performance. 
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Type Basic Requirements 

Sediment 
Transport 
Analysis 

• Assess sediment transport dynamics to optimize the channel opening and other 
planned excavation activities to reduce the risk of infilling of the constructed 
channel and restored estuary over time. 

• Evaluate the risk of increased long-term sediment loading which could affect 
downstream intertidal and subtidal habitats in the coastal inlet portion.  

• Evaluate temporary increases in sedimentation downdrift of the estuary that may 
result from the release of sediment currently impounded behind the current dike 
and roadway and because of the evolution of the distributary channel system.  

• Assess the need for bank, bridge pier, and abutment scour protection within the 
site and beach protection along the shoreline of Dugualla Bay. 

Coastal 
Engineering 
Studies  

• Refine sea level projections using localized tide gauge data.  
• Install a temporary tide gauge in the early design stages to obtain site-specific 

tidal statistics and update floodplain maps. Review and establish the final design 
tidal datums.. 

• Model tides and storm surges in Dugualla Bay using a multi-dimensional 
hydrodynamic model. Perform tidal circulation, flood, and wave modeling to 
evaluate impacts to the estuary and adjacent properties post-restoration and 
validate the assumptions outlined in the Applied Geomorphology Guidelines and 
Hierarchy of Openings.  

• Address the potential for wind waves to impact some parts of the shoreline where 
armor is being removed, especially near the proposed tidal channel. 

Geotechnical 
Investigation 

 

• Perform geotechnical investigations and recommendations for bridge foundation 
and slope stability of Dike Road and State Route 20.  

• Investigate potential liquefaction impacts. 
• Conduct settlement analysis for Dike Road and State Route 20 roadway berms 
• Perform traffic analysis for roadway pavement design 
• Complete subsurface explorations, testing, and field reconnaissance. 

Foundation 
Design Study 

• Perform a static and seismic analysis according to AASHTO Abutment Stability 
(include potential for liquefaction and ground improvement). 

• Complete a settlement analysis for Dike Road and State Route 20 roadway berms. 
Abutment 
Stability Study 

• Perform a standard study to include potential for liquefaction and ground 
improvement. 

Pavement 
Design Study 

• Complete a pavement design study for new roadways and approaches (include 
traffic analysis for ESALs). 

Invasive 
Species 

• Document the location and extent of invasive species. 

Excavated 
Materials 

• Evaluate the suitability of excavated materials for use as onsite fill. 

Utility Survey • Obtain more detailed information on utilities to finalize the design and confirm 
acquisition requirements. 

Phase II 
Environmental 
Site 
Assessment 

• Complete a standard study to assess historic fills onsite and conduct soil sampling 
for contaminants. 
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Type Basic Requirements 

Cultural 
Resources 
Investigation  

• Perform surveys for archaeological and historic resources, particularly in areas 
proposed for excavation.  

Cost Study • Assess potential for cost and schedule reductions during refinement of restoration 
design. 

Environmental 
Permitting  

• Complete documentation and applications for environmental permits with federal 
and state agencies. 

4-22 DATA MANAGEMENT 
Project documents, background materials, and digital files from the local sponsors were provided to the 
project team directly, through the State’s Habitat Work Schedule, or via the Nearshore Portal. The project 
team also used databases previously developed by and for the Puget Sound Nearshore Ecosystem 
Restoration Project including the Change Analysis and backing geospatial data (see Section 4-3.1.1 for 
additional detail). 

Work products for the conceptual restoration designs were developed primarily in GIS and typical word 
processor and spreadsheet applications. GIS products for all sites were collected in a single geodatabase 
that captured spatially referenced locations and sizes of major design elements.  

4-23 USE OF METRIC SYSTEM MEASUREMENTS 
This report uses United States customary units for design and construction measurements. To remain 
consistent with work conducted to date, the metric system of measurement was not used. 
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ANNEX 1: EXHIBITS 
This annex contains a set of site-specific exhibits prepared for the proposed restoration. The exhibits 
include:  

Exhibit A – Conceptual Design Plan 

Exhibit B – Conceptual Design Sections 

Exhibit C – Quantity Estimates 

Exhibit D – Conceptual Road and Bridge Alignments 
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Restoration Quantity Estimate 
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Cul-iert ltvoe lF 160 2 5ft box culverts at Dike Road 5ft x 80ft each 
Cul-iert - Jack1na lF Nl\ 
Cutfert- Horizontal PlleDrtvin lF Nl\ 
Brld e su erstructure- SR 20 SF 6 000 2 10D-FLS ~n::; 30"FlwiUtt 
Britt eFoundation - SR 20 lF 300 1 Une·of su · art 3 Piers 4'-Diarreter 1ooFt dee 
Bridqe su erstructure • DY.ke Rd SF 20972 7 107-Ft sp~ans 28 Ft\\lide 
Bridae Foundation - Dv'ke Rd 2100 7 Unes of support 3 Piers. 4'-Diarreter 100Ft Dee 

Railwa -Box Girder Brid e SF Nl\ 
Bridge- fo.undation lF 314 (1) 30ft CIP Concrete pile cap on SR20 ,& (5) 28ft Dike Rd 101 (2) 7fi Dia Drilled Shafts 100ft Embed 1\t Each 

PileCao 
R~-- Shoenv lF Nl\ 

_ errna1ert Acass e~res 
Roads Level Nl\ 
ut11itv Access Routes vanes Nl\ 
Erosion Control Features AC 19 Stabilized Construction Entrances Sediment Ponds. Hvdro Seed to Stabilize Roadvvav' Embankments 

ubHC'Aocess or ReaM:ion Fe·sures 

Trails SF Nl\ 
Briddes SF Nl\ 
Kiosk EA Nl\ 
Restroortl3 EA Nl\ 
lntemretive Sians EA 1 Include# inter retive sians based on number of local public access points 
Parkina Area SF Nl\ 
Other EA Nl\ .. Eroslo c r 

droseedin AC 8 Ero<aion control seed mix 
Plant ina AC 2 Marsh within shoreline restoration area 
Veaetation Mainterrance AC-YR 2 ·Includes irriaation \NE!edina. ·I ant replacement for one vear 
Erosion I sediment BMPs- Te AC 
Erosion/sediment BMPs- Permanent AC Nl\ 
W.atersicte·controls- Temporary lF 3000 Silt curtain or other water basedterrporarv actions 

onstruction Mana."'"""' 

!Construction oversiahl 'Mleks 7E-104 Quahli!v based on construction duration!# of construction seasons 
I Mate rials !PSI inn Nl\ 

Design am DetaHed Stte IR!esligations 

Surv<N & PrOPertv. UlllilV Research lB '1 % of construction cost 
35% Desian lB 1 35% x 25% x Enaineer's Estirrate 
65% desi n lB 1 65% x- 25% x En ineer's Estirrate less the costfor35% PS&E 
90% desi n lB 1 35%-x 25% x En iheet'.s Estirrate less the cost for35% + £5%PS&E 
tOO% desion lB 1 25% x Enaineer's Estim::lte less previous costs 
Geotechnical Studies lB 1 Refer to desian renort for descrit:Jtion of need 
Cunura! Studies lB 1 Refertodesi'nre ortfordescri ionofneed 
Tidal circulation and "W<Ne modelin studies lB 1 Refertodesi nre ortfordescri ionofneed 

IProiecl Anreement ~iuities Unabletq PrO\! ide crooble estO'Ilate at 10% deS@l 

Stts-Spldfic Adaptll(eManogellllll1t Fe~UI'I>S & Adilttties Llsi H nawn 

MonitonngAclivRies AsSUttie S crf1Ao'-d~sl ear for eacH monitdrJOO. i:iframBter fn desi report fof5 rs 
Monitorina Tvoe crE!'W-·davs 175 

(J!!er~iims &Mamenance nab.llfto pl~tde ~::redjple estimate~ .!.!L% ctesi_gn 
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PDGIR' SODND 
NJ.A.&.SHOU _..., 

~ 
Lead Contractor: ESA 
Design Lead: KPFF 
Date: 11/2012 

ROADWAY BERM\1RANS111at 

NOlES: 

ROADWAY IRDGE 
STA. 49+84 

REMOVE EXISllNG 1o' •DE 
CF BOX al..\OT 

ROADWAY BRIDGE 
BE«iN ROADWAY IIRIXi: 
STA. 42+34 

1) EXIS'IIC PUGET SOUND ENERGY o.H. Pa.R 
IIS1RIBtJ'II'*/'IRAt&IS90N Nt) FIER CI'1IC 
DUC1BANK 10 REMAIN 1IRlJCII RAISED ROAD 
PRISM. 

2) NEW PUCET SOlN) ENERGY o.H. Pa.R 
POIER/IRANSMISSOt PClES TO BE RELOCAlED 
ACROSS NEW BRIDGE. 750 l1 

3) NEW 750 lF F1ER CP1IC DUCIBANK 10 1£ 
ROUlED ACROSS BRIGE 

z-+ o 75 150 300 

Sealo m~oot 

Puget Sound Nearshore Ecosystem Restoration Project (PSNERP) Engineering Appendix 

SITE NAME: Ougualla Bay Restoration 
Dike Road and Bridge 

Exhibit 40-1 
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Lead Contractor: ESA 
Design Lead: KPFF 
Date: 1112012 

REYCM EXISllHG 
ROADWAY AND CAUSEWAY 

REMO\£ SlRUClURE """ 

--'1»4-H-00 -- - :...J5.I,QO. - --

BEGIN ROADWAY BRI)G[ 
STA. 39+25 

I 

I a 
tf 

I ~ 

I 
ROADWAY BERM\lRN&lDI 

Pugel Sound Nearshore Ecosystem Restoration Projecl (PSNERP) Engineering AppendiX 

SITE NAME: Dugualla Bay Restoration 
State Route 20 and Bridge 

Exhibit 40-2 
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ANNEX 2: COST ESTIMATE DETAILS 
Cost estimate details include estimated costs, anticipated construction schedule, and risk 
register.  
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Print Date Wed 2::! July 2014 

Eff. Data 6{6/2014 

Laber ID; NLS2012 EO ID: EP11R08 

U.S. f>.tmy Corps of Engineers 

Project ~ Dugvalle Bay 
PSNERP Feasibility Report 

Duguella Bay 
Dugualle Bay 

OBJECTIVE: Open up the projeot area to alloW tidal water lnflvx. 
SELECTED ALTERNATIVE:Thi seslimate is for lhe Par tial Restoration Alternative 

BASIS OF COSTS: Mil English Costbook end associated libraries, vendor pdcing, 8fld bc1ill orews. 
SCOPE OF WORt<: Fins! Feasibility Report 

ESTIMATE CLASS; Conceptual, tevel4 

Original Estimat: Daniel Lowry. PE, CCC (NII'MI) 

Revised Estimate· Den1eJ LQwty, PE. CCC (NWS) 

Estimated by 
Designed by 
Prepared by 

Praparetion Date 
Effective Date of Pricing 

Estimated Construction Time 

Seattle District, GO$! Esd!l'lating Section 
NWS, Design Branch 

Daniel Lowry, PE.. ·ccc 

6/6/2014 
6/6'/2014 
Days 

Tt,is report ir; not copyrighted, but the informalio!1 co,talned herei'l is For Official Use Only 

Currency in US dollars 

n me 09•0Bc43 

Title Page 

TRACES Mil Version 4 .2 
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Print Date Wed 23 July 2014 
Eff. Date 6/6/2014 

Designed by 

NWS, Design Branch 

Estimated by 

SeatHe District, Cost Estimating Section 

Prepared by 

Daniel Lowry, PE. CCC 

Direct Costs 

LaborCost 

EQCost 

MaHCost 

SubBidCost 

U.S. Atmy Corps of Engineers Time 09:08:43 
Project : Dugualla Bay 

PSNERP Feasibility Report library Properties Page i 

Coslbook CB12EB·b: Mil English Cost Book 2012-b 

Labor NLS2012: National Labor Library· Seattle 2012 

Design Document Final Feasibility Report 

Document Date 6/6/2014 

District Seattle 

Contact John Dudgeon, Chief Cost Engineering 

Budget Year 2015 

UOM System Original 

Tlmellne/Currency 

Preparation Date 6/6/2014 

Escalation Date 6/6/2014 

Elf. Pricing Date 

Estimated Duration 

Currency 
Exchange Rate 

6/6/2014 

0 Day(s) 

US dollars 
1.000000 

w.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable. In a non-union job the whole fringes ane taxable. In a union job, the vacation pay fringes is It 
Labor Rates 

LaborCost1 

LaborCost2 

LaborCost3 

LaborCost4 

08 NORTHWEST 
Sales Tax 9.30 

Working Hours per Year 1,540 
Labor Adjustment Factor 1.05 

Cost of Money 2.50 

Cost of Money Discount 25.00 
Tire Recap Cost Factor 1.50 

Tire Recap Wear Factor 1.80 
Tire Repair Factor 0.15 

Equipment Cost Factor 1.00 
Standby Depreciation Factor 0.50 

Labor 10 : NLS2012 EQ 10 EP11R08 

Equipment EP11R08: Mil Equlpment2011 Region 08 

Fuel 
Electricity 0.072 

Gas 4.000 
Diesel Off-Road 4.000 

Diesel On-Road 4.500 

Currency in US dollars 

Shipping Rates 
Over 0 CWT 28.32 

Over 240 CWT 26.60 

Over 300 CWT 24.23 

Over 400 CWT 22.06 

Over 500 CWT 11.26 

Over 700 CWT 9.51 

Over 800 CWT 6.48 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 

Eff. Data 6{6/2014 

Laber 10, NLS:!O'I2 EO ID; EP11ROS 

U.S. f'.tmy Corps of Engineers 

Project : Dugua/le Bay 
PSNERP Feasibility Report 

Currency in US dollar~ 

Time 09•08;43 

Ubrery Properties Page II 

TRACES Mil Version4 .2 
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Print Date Wed 23 July 2014 
Eff. Date 61612014 

Direct Cost Markups 

Productivity 

Overtime 

Standard 

Actual 

Day 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 

Sunday 

Sales Tax 

Mat/Cost 

Contractor Markups 

JOOH 

JOOH- Sub 

HOOH 

HOOH - Sub 

Profit 

Bond 

Excise Tax 

Owner Markups 

Escalation 

Contingency 

SIOH 

StartDate 

Days/Week 
500 

500 

OTFactor 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

2.00 

Labor ID: NLS2012 EO ID: EP11 R08 

U.S. Army Corps of Engineers 
Project : Dugualla Bay 

PSNERP Feasibility Report 

Category 
Productivity 

Overtime 

Hours/Shift 
8.00 

8.00 

TaxAdj 

Category 

JOOH 

JOOH 

HOOH 

HOOH 

Profit 

Bond 

Excise 

Category 

Escalation 

Startlndex 

Contingency 

SIOH 

Working 

Yes 

Yes 

Yes 

Yes 

Yes 

No 
No 

Shifts/Day 
1.00 

1.00 

EndDate 

Currency in US dollars 

Method 

Productivity 

Overtime 

1st Shift 
8.00 

8.00 

2nd Shift 
0.00 

0.00 

OTPercent 

0.00 

Running % on Selected Costs 

Method 

Running% 

Running% 

Running % 

Running % 

Running % 

Running % 

Running% 

Method 

Escalation 

Running % 

Running % 

Endlndex 

Time 09:08:43 

Markup Properties Page iii 

3rdShift 
0.00 

0.00 

FCCM Percent 

0.00 

Escalation 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 U.S. Army Corps of Engineers Time 09:08:43 
Eff. Date 6/6/2014 Project : Dugualla Bay 

PSNERP Feasibility Report Project Cost Summary Page 1 

Descri lion Quanti!}: UOM ContractCost Escalation Contingenc;r: SIOH ProjectCost 

Project Cost Summary 45,765,995 0 0 0 45,765,995 

45, 165, 995. 16 45, 165, 995 16 

Dugualla Bay PARTIAL 1.00 EA 45,765,995 0 0 0 45,765,995 

24, 189, 107.69 24, 189, 107.69 

Relocations 1.00 EA 24,189,108 0 0 0 24,189,108 

23,355,215.91 23,355,21591 
Roads, Construction Activities 1.00 EA 23,355,216 0 0 0 23,355,216 

833,891.19 833,891.19 

Utilities 1.00 EA 833,892 0 0 0 833,892 

2, 149,380.96 2,149,380.96 
Fish and Wildlife Facilities 1.00 EA 2,149,381 0 0 0 2,149,381 

90.52 90.52 

Project Signs 12.00 SF 1,086 0 0 0 1,086 

253,388.40 253,388.40 

Demo Tide Gate Structure @ SR-20 1.00 EA 253,388 0 0 0 253,388 

66.13 66. 13 
Fill Agriculture Ditches 3,200.00 BCY 211,621 0 0 0 211,621 

1.31 1.31 

Revegetation 435,600.00 SF 595,406 0 0 0 595,406 

Mob/Demob and Prep 1.00 LS 704,482 0 0 0 704,482 

3550 35.50 

Demo Mise Buildings 10,800.00 SF 383,397 0 0 0 383,397 

283,632.63 283,63263 
Channels and Canals 1.00 EA 283,633 0 0 0 283,633 

283,63263 283,63263 
Channels 1.00 EA 283,633 0 0 0 283,633 

18,293,868.58 18,293,868.58 
Levees and Floodwalls 1.00 EA 18,293,869 0 0 0 18,293,869 

18,293,868.58 18,293,868.58 
Levees 1.00 EA 18,293,869 0 0 0 18,293,869 

Labor ID: NLS2012 EQ ID: EP11 ROB Currency in US dollars TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 U.S. Army Corps of Engineers Time 09:08:43 
Eff. Date 6/6/2014 Project : Dugualla Bay 

PSNERP Feasibility Report Project Cost Summary Page 2 

Descri lion Quanti!}: UOM ContractCost Escalation Contingenc;r: SIOH ProjectCost 

Beach Replenishment 1.00 LS 618,884 0 0 0 618,884 

618,884.28 618,884.28 

Beach Replenishment 1.00 EA 618,884 0 0 0 618,884 

231, 121.02 231, 121.02 

Cultural Resource Preservation 1.00 EA 231,121 0 0 0 231,121 

231, 121.02 231, 121.02 

Cultural Resource Preservation 1.00 EA 231,121 0 0 0 231,121 

Labor ID: NLS2012 EQ ID: EP11 ROB Currency in US dollars TRACES Mil Version 4.2 
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Ougualla B<Jy Partial 

Issues 

~~cfptOjf(t,I.Widliflhe PSNERPI<.IIIIOriUliCII 
~ypreMntlftU"Inl«m~ofrf'SOIJI'Celllloeldcrllncl 

.-,""""" 

&lhh Sontt'- thltlcl tnd ... WDFWI'III',.. ~ 
projedSI:CI'J'4)d:llglorstt~ rescurces lf ctl'l«pro,eds 

beoc:or!WI~flotbt)'IUrJ~OIM~~ 

PSIERP 

~<:1 is OQflg lor>drd f01 llllhOI'IllllOI! 111 100. detql 
!Wf'l U$UIIIyT$PIIdOII••tlri13S~ lJnlo.oown~s 

l'l'lloY,r'l(ftiUQOtall'lc:l~ll 

Dugualla Bay- PDT R1sk Register 

POl 00111\01 brhi!Wtlle II'OUM dptqeQWI Clillt.e 

~ PI'OfKtwiO.~-~·..-.ci.,;M 
deelldeslnor.-.torneetccmtnic:bcr1pls 

PSNERP r..,.,t 1 Chtnd 1M Wr:FW pi'IOI'ty 1110 ....... 
!Htlkrtfti'III'IOCI'I• orqedt to 1M 1oltlltogN~ .. 
There are mna cost lltnUf'lclue IOineretses .. wort 
belrlgo.I\1CIUIC.OIO,._EslndP<Qntill~ltl 

• Clrl~nd:~ 

LOW 
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- lOW 
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TL·1 

LD-3 

CUrl'eNllew:e~Vl~fld:~b'"ltlePOien<Md 
lllt')' ....... WIIW'IO IWa•IO'IOII'II IOO.INI"II'IWIG.nd 

iShlgiiMicf#milogtlion ~~~ICJI 

war-owog teour~d 10 Cf*nOfl/a D8fl'nitMHOtiOh 
IIIII>Hfllle~ .A.IIfi.WMII!t~UI'I C<*lloh~ 

IOt»Clod~•P«!!onoflfl•rotdwtY hN11111111'-S 
•dd N. ~ ... ,__.,~,o.c~ Potconll•t,~rrokl 
f;rlc;ort F'wrtWS~ IJ~Incnt ... lfi~COSI'" -

2of4 
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5‐1 GENERAL	–	EVERETT	MARSHLAND		

5‐1.1 Overview	of	Restoration	Site	

The Everett Marshland site is located along the west bank of the Snohomish River across the channel from 
where Ebey Slough branches off the mainstem of the river. The site is within the Whidbey Subbasin and 
located east of and below Interstate-5 (I-5), mostly within the Everett city limits.  

The approximately 1,065-acre site lies within the upstream portion of the Snohomish River Estuary. The 
area is located along the south and west sides of the Snohomish River and Lowell-Snohomish River Road 
(the road sits on top of the current south/west river dike) and east of Lowell-Larimer Road. Although it is 
within the 100-year floodplain of the Snohomish River, the site is completely cut off from tidal hydrology 
by dikes and drainage structures installed to support agricultural uses. The site was converted from tidal 
marshes and riparian forests to agricultural land beginning in 1860. The 6,000-acre Marshland Flood 
Control District (created in 1938) that abuts the Snohomish River between river miles 7 and 15.5 now 
encompasses the site. In addition to roads and dikes, the site is bisected by the Burlington-Northern Santa 
Fe (BNSF) railroad running generally northwest/southeast, and two regional transmission lines operated 
by Puget Sound Energy (PSE) and Bonneville Power Administration (BPA) oriented generally east/west. 
Parallel subsurface petroleum pipelines operated by British Petroleum (BP) are also located in the 
southeast corner of the site.  

The Everett Marshland site was selected to address River Delta restoration objectives to protect and 
restore freshwater input and tidal processes where major river floodplains meet marine waters. The 
restoration is designed to restore the following ecosystem processes: 

 Tidal flow 

 Freshwater input (including alluvial sediment delivery) 

 Erosion and accretion of sediments 

 Distributary channel migration 

 Tidal channel formation and maintenance 

 Detritus recruitment and retention 

 Exchange of aquatic organisms 

This restoration would restore tidal hydrology and channel-forming processes to former wetlands that 
were historically connected to the Snohomish River. The proposed restoration entails relocating dikes and 
roadways, altering and filling drainage canals, restoring tidal channels, and reconnecting streams to the 
tidal area. A restoration alternative that proposed a reduced amount of dike removal and tidal marsh 
restoration, and the construction of setback dikes to protect existing properties, was considered but not 
selected during the cost effective analysis see Chapters 4 and 5 of the Feasibility Report for a complete 
discussion of the evaluation of alternatives. Details of the restoration design are provided in Section 5-6 
and shown on the exhibits provided in Annex 1. Figure 5-1-1 shows the Everett Marshland site and 
vicinity.   
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Figure 5-1-1.  Everett Marshland and Vicinity 

 

Strait of Juan de Fuca & 
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5‐2 HYDROLOGY	AND	HYDRAULICS	
The Everett Marshland site lies in the estuary of the Snohomish River. The Snohomish River drains a 
large watershed of over 1,750 square miles terminating at the city of Everett on Possession Sound. 
Average annual precipitation for this watershed is 94 inches per year. The site lies on the left bank of the 
Snohomish River, approximately between river miles 7 and 9.6. It is bounded to the west by the Lowell-
Larimer Road, and to the the east by the Lowell-Snohomish Road. Ebey Slough, a distributary channel of 
the Snohomish River, originates across the river from the site. There are a number of other restoration 
sites in this vicinity including Smith and Spencer Islands about 3 miles downstream of Everett Marshland. 
Spencer Island is also a site for the Puget Sound Nearshore Ecosystem Restoration Project (see Chapter 
X). Figure 5-2-1 shows a map of the Snohomish River watershed. 

 

Figure 5-2-1. Everett Marshland – Snohomish River watershed 

Part of the drainage to the Everett Marshland site comes from local urban areas in the city of Everett and 
surrounding urban areas in Snohomish County. The runoff from these areas is conveyed to the 
marshlands by Wood Creek and other local creeks. Based on topography, the area shown in Figure 5-2-2 
is approximately 22 square miles. This area will be refined in PED. Water from these local drainages is 
conveyed to the Snohomish River by means of a pump station located on at the north end of the site. The 
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pump station will be relocated as part of the planned site work and will drain a slightly smaller area after 
the project is complete. The hydrology of the modified local drainage and the requirements for the 
relocated pump station will be evaluated in PED. 

 

Figure 5-2-2. Everett Marshland – Local drainage in the vicinity of Everett (Source: USGS 
Streamstats. This figure reflects the approximate area of the Marshland Flood Control 

District, the exact extent of which will be established in PED) 

The entire Everett Marshland project area lies below the 100-year flood elevation. The hydraulic intent at 
this site is to restore aspects of natural river and tidal flow to the site allowing the reestablishment of 
natural channels that connect with the Snohomish River. The proposed work is intended to increase the 
frequency of flooding at this site which is currently primarily agricultural. Flood impacts to the railway, 
utilities and surrounding area will be mitigated by use of levee setbacks, raised berms and roadways as 
well as the installation of the new pump station. The restoration is not anticipated to affect the 100-year 
or 500-year return interval flooding. No new levees are planned for this site. Since the site is crossed by 
the BNSF railroad and several transmission lines and pipelines, there may be some net changes in flowage 
easements. 

The current Marshlands pump station (Figure 5-2-3) is located at the northern portion of the site where 
the Marshland Canal intersects with the Snohomish River. The pump station was designed as part of Soil 
Conservation Service work in the late 1950s and early 1960s and is operated and maintained by the 
Marshland Flood Control District. It consists of six electrically powered pumps and four emergency gates, 
which pump waters from the canal into the Snohomish River. At the pump station, the water is typically 
pumped to an elevation 6 feet below the average river level (Anchor, 2008).  The structure is 
approximately 30 feet high and spans approximately 200 feet. 
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Figure 5-2-3. Current Marshlands Pump Station 

Specifically, the current pump station houses the following equipment (Bernard, pers. comm. 2014): 

 Two 100 horsepower (Hp) pumps running at 525 revolutions per minute (rpm).  These pump 
16,500 gallons per minute (gpm) (37 cfs) at 12 feet of head.  The motor controls for these 2 pumps 
are Danfoss VFD’s 125 Hp. 

 Four 250 Hp pumps,525rpm, 56,000 gpm (125 cfs) at 12 feet of head. The motor controls for 
these pumps are Y-Delta starters. 

 Four gates with electromechanical gate actuators. 

The hydraulics and hydrology for all restoration sites in the Puget Sound Nearshore Ecosystem 
Restoration project were evaluated using an area of potential hydraulic effects specific to the construction 
requirements for each particular site. The limits of the area for this site were established using 100-year 
base flood elevations derived from a combination of Federal Emergency Management Agency (FEMA) 
flood insurance rate maps and Flood Insurance Studies as well as U.S. Army Corps of Engineers (USACE) 
base flood elevation determinations. 

According to the 100-year base flood elevation as determined by FEMA for unincorporated areas of 
Snohomish County, 53061C-1030F, 1035F, 1040F and 1045F (revised 2005), the entire site lies well 
within the 100-year floodplain and away from floodplain boundaries. Figure 5-2-4 shows the area of 
potential hydraulic effects for Everett Marshland as identical with the restoration lands. The base flood 
elevation varies between 25 feet (NAVD88) at the upstream limit of the site and 22 feet (NAVD88) 
downstream and depends primarily on flooding from the Snohomish River.  
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This delineation of the area of potential hydraulic effects assumes that the planned work at the site will 
not substantially affect dikes or infrastructure on adjacent properties because of the depth of inundation 
and the relatively low energy losses (energy gradients) in this area during flooding. During Project 
Engineering and Design (PED), the current hydrodynamic model of the Snohomish River will be revised 
to reflect the changed geometry and to confirm the extent of hydraulic effects from the restoration. The 
limits of the area of potential hydraulic effects do not incorporate the potential for sea level change but 
this potential is discussed in Section 5-2.1.9. 

 

Figure 5-2-4. Everett Marshland: Area of potential hydraulic effects 

5‐2.1 Functional	Design	Requirements	

This section describes the hydrologic and hydraulic setting for the site and the intended hydraulic 
consequences of the design features. 

5‐2.1.1 Consequences	of	flows	exceeding	discharge	capacity	of	the	project	

The purpose of this site is to restore natural tidal flow and sediment transport to the Everett Marshlands. 
One task at this site is to relocate the Marshland Pump Station from the north end of the site, at the 
confluence with the Snohomish River, to an upstream location at the south end of the site. Flows in excess 
of the design discharge capacity of the pump station may result in backwater and flooding upstream of the 
new pump station location in an area which lies outside the site boundaries. Other water control 



 

Engineering Appendix  Section 5 
Everett Marshland   Page 7 

structures include setback levees, dikes, and culverts. Flows in excess of the design discharge for these 
structures and facilities may result in local flooding of areas adjacent to and downstream of these 
structures within the site boundaries. Another possible impact is scour downstream of water control 
structures due to accelerated flows and overtopping. These consequences will be assessed during PED.  

5‐2.1.2 Project‐induced	changes	obligating	mitigation	

Mitigation, in the context of this site, applies to compensation of local stakeholders for any loss of 
function or detrimental project-induced changes. The possible project-induced changes obligating 
mitigation, as identified at this stage of design, are summarized below: 

 Roadway realignments, levee setback, and relocation of utilities may require right-of-way changes 
affecting local property owners. 

 Railway and roadway modifications planned at the site may cause temporary access interruptions 
during the construction period. 

 Private properties in the floodplain will likely experience some changes in flood patterns as a 
result of the work at this site. The restoration plan calls for the purchase of properties within the 
site area.  Properties upstream, downstream, and across the Snohomish River channel are not 
likely to be affected, however, the extent of the flooding pattern changes will be addressed during 
PED. 

 The removal of flow restrictions such as dikes and culverts, the excavation of channels, and the 
widening of bridge openings will allow the mobilization of sediments that have been impounded 
in the marshland. This may have temporary sedimentation effects on local vegetation and aquatic 
species in and around the site. The amount and potential areas of sedimentation will be addressed 
during PED. 

5‐2.1.3 Discharge‐frequency	relationships	

The predictions for river discharge for this area are taken from a FEMA Flood Insurance Study prepared 
for Snohomish County in 2005. This study used the U.S. Geological Survey (USGS) gauge near Monroe 
(12150800) along with some historic records to model floods near Snohomish and Everett. Estimates are 
shown in Table 5-2-1. A USACE Flood Frequency Analysis for the USGS gauge at Monroe (12150800) is 
also shown below (USACE, 2000).  

Table 5-2-1. Peak Discharge – Frequency predictions for Snohomish River at Monroe, WA 

Method 
10-year 

(cfs) 

50-year 

(cfs) 

100-year 

(cfs) 

500-year 

(cfs) 

FEMA FIS, City of 
Snohomish 120,700 174,400 196,800 242,900 

USACE FFA 125,000 180,000 205,000 265,000 
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No gauge data exist for the local stormwater discharge into the Marshlands drainage area. Discharge-
frequency predictions, shown in Table 5-2-2, were obtained using U.S. Geological Survey (USGS) 
regression equations for Washington region 2 (Knowles and Sumioka, 2001) and are based on a drainage 
area of 22 square miles and an average annual rainfall of 38.1 inches..  

Table 5-2-2. Peak Discharge-Frequency predictions for the Marshlands drainage 

Method 
10-year 

(cfs) 

50-year 

(cfs) 

100-year 

(cfs) 

500-year 

(cfs) 

USGS Regression 578  819 915 1180 

Once the pump plant is relocated, the smaller drainage area will result in about 83% of these peak flow 
value predictions. 

5‐2.1.4 0.2%	chance	of	exceedance	flood	(500‐year	return	interval	flood)	

The area of potential hydraulic effect for Everett is influenced primarily by fluvial flows and to a much 
lesser extent by storm surge from Possession Sound. Table 5-2-3 summarizes the 500-year hydraulic 
conditions for the site area. The 500-year return elevation from Possession Sound is the coastal base flood 
elevation and includes factors such as storm surge and atmospheric effects but does not include sea level 
change. This elevation is not likely to be a critical factor at the site but its importance will be evaluated 
during PED. 

Table 5-2-3. 500-year return interval hydraulic conditions for Everett Marshland 

Flooding source Elevation (feet, NAVD88) Discharge (cfs) 

Possession Sound  (BFE) To be determined - 

Snohomish River 22.7 – 26.0 242,900 

5‐2.1.5 Stage‐discharge	relationships	

Current stage-discharge relationships are found in the FEMA Flood Insurance Study for Snohomish 
County (FEMA, 2005b). Table 5-2-4 shows the computed elevations of the Snohomish River in the site 
area from River Mile (RM) 7.0 to RM 9.6. In order to forecast the new stage-discharge relationships, a 
revised hydraulic model will have to be implemented which reflects the proposed geometry.  This will be 
addressed during PED. 



 

Engineering Appendix  Section 5 
Everett Marshland   Page 9 

Table 5-2-4. Stage-discharge relations as shown in FEMA Flood Insurance Study for Everett 
Marshland 

Location 

10-yr Stage 

(feet 
NAVD88) 

50-yr Stage 

(feet 
NAVD88) 

100-yr Stage 

(feet 
NAVD88) 

500-yr Stage 

(feet 
NAVD88) 

Snohomish River Near 
Site Area 

18.0 – 22.0 20.5 – 23.5 21.3 – 25.0 22.7 – 26.0 

5‐2.1.6 Flow	duration	

At present, a flow duration analysis is not expected to be required at the site The need for a flow duration 
analysis for design of the relocated pump station will be evaluated during PED. 

5‐2.1.7 Flood	inundation	boundaries	and	flood	stage	hydrographs						

Figure 5-2-5 shows the current 100-year flood inundation boundaries from the Snohomish County FEMA 
Flood Insurance Rate Map (FEMA, 2005a). In order to forecast the new flood inundation boundaries, a 
revised hydraulic model will have to be implemented which reflects the proposed geometry. This will be 
addressed during PED. 
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Figure 5-2-5. Current FEMA 100-year flood zone from Flood Insurance Rate Map (FIRM 
53061C 1030F, FIRM 53061C 1035F, FIRM 53061C 1040F and FIRM 53061C 1045F) (FEMA, 

2005a). (Elevations in NGVD29, NGVD29 + 3.69 = NAVD88) 
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5‐2.1.8 Reservoir	yields	

No reservoirs are planned as part of this site. (Not applicable.) 

5‐2.1.9 Risk	and	uncertainty	analysis	for	sizing	of	the	project	under	study	

Channel sizing 

Required channel size parameters were determined using the methods presented in the Applied 
Geomorphology Guidelines and Hierarchy of Openings (Annex A). Table 5-2-5 shows the marsh area 
which can be used to determine required channel size. Table 5-2-6 shows that the top width of the channel 
at Mean Higher High Water (MHHW) should be approximately 400feet. The current plan calls for an 
approximately 450-foot-wide breach in the dikes which is consistent with the calculated equilibrium 
channel top width. The maximum channel depth from Table 5-2-6 is 23 feet below MHHW. Current plans 
call for a channel depth of 14 feet, which is shallower than the predicted equilibrium size. The risks 
associated with a shallower channel are both the increased possibility of erosion of the channel banks and 
a possible decrease in the desired channel formation in the interior of the site. This will be addressed 
during PED. 

Table 5-2-5. Inputs used to determine channel sizing 

Component Marsh Area (acres) 

Anticipated Marsh Area 876 

Table 5-2-6. Channel parameters for tidal flow and combined tide and river flow 

Parameter Marsh Area 

Max Channel Depth Below MHHW (feet) 23 

Average Width: Max Channel Top Width at 
MHHW (feet) 

400 

Channel Cross-Sectional Area at MHHW (SF) 3800 

Sea Level Change  

Everett Marshland is located in the North Central Subbasin of Puget Sound.  Sea level change calculations 
for the North Central Subbasin are based on the Seattle tide gauge and are calculated using the guidance 
under ER 1100-2-8162 Incorporating Sea Level Change in Civil Works Programs (USACE, 2013). Table 5-
2-7 shows the range of sea level change projections for the 50-year project life, indicating a maximum sea 
level change of 3.52 feet in 50 years. The largest risk associated with sea level change at this site is the 
displacement of habitat upstream, with freshwater habitat becoming intertidal habitat and intertidal 
habitat becoming subtidal habitat.  Tidal marshes can adapt to sea level change by building elevation to 
keep pace with the rising water levels, but this requires an adequate supply of sediment and/or organic 
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matter accumulation.  Future studies should include a sedimentation analysis to determine what impact 
the restoration will have on sedimentation rates and if there is sufficient sediment accumulation to keep 
pace with the projected sea level change.   

Table 5-2-7. Projected Sea Level Change (feet) Seattle (Gauge  9447130) 

Year Low  (feet) Intermediate (feet) High (feet) 

2030 0.28 0.41 0.81 

2040 0.35 0.56 1.21 

2050 0.43 0.73 1.67 

2060 0.5 0.91 2.21 

2070 0.57 1.11 2.83 

2080 0.65 1.34 3.52 

5‐2.1.10 Water	quality	conditions	

No water quality information has been reviewed for this site. Anticipated water quality effects are as 
follows: 

 Construction-related turbidity and suspension of sediments into the Snohomish River may occur 
due to the removal of the Lowell-Snohomish River Road bed and dike as well as the relocation of 
the pump station. Site access is planned to be over land or by temporary access road only. Fill 
removal, construction of new dikes and embankments, filling of ditches, and excavation of new 
channels should be carried out to prevent introducing sediments into the waterway.  Planning 
during PED should evaluate the best and most cost-effective methods for dike excavation and 
removal of the existing pump station. These may include excavating during extreme low tides, 
installing silt curtains, or possibly using a containment structure for work in the dry. Excavation 
activities and construction of bridge piers and interior dikes should occur prior to perimeter dike 
removal to minimize sediment impacts to the waterway. 

 Temporary increases in sedimentation may occur downstream of the site because of the release of 
sediment during the formation of any new distributary channels. These effects, together with 
other sedimentation issues, should be evaluated during PED. 

 Investigations will be carried out during PED to determine the possible impacts to water quality 
of the former landfill and the creosote facility in the northern portion of the site. This work is 
addressed in Section 5-9. 

 Restoration may increase salinity within the site due to the increased tidal prism.  If needed, 
water quality sampling and analysis of water quality effects can take place during PED. 

5‐2.1.11 Groundwater	conditions	

No groundwater information has been reviewed for this site.  Potential groundwater issues include the 
following: 
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 Several structures planned for removal are located within the restoration footprint and may have 
septic systems or wells that require decommissioning.  

 The planned dike removal and channel creation at the site will allow for increased tidal prism and 
may be accompanied by changes in groundwater conditions such as a raising or lowering of the 
phreatic surface, gradient changes, or saltwater intrusion. Since the goal is to restore historic 
conditions, restoration of historic drainage and salinity patterns is presumed to be a desirable 
outcome.  

 In addition, several structures are located in the floodplain upstream of the site boundary.  
Planned work at the site may affect wells or septic systems, if any, at these structures.  

Groundwater impacts from planned work at this site will be reviewed during PED. 

5‐2.1.12 Preliminary	project	regulation	plan	

The primary water control structure at this site is the pump station which will be moved from its present 
location at the confluence with the Snohomish River to the upstream southern boundary of the site.  No 
detailed plans have been reviewed for the existing structure or developed for the replacement structure.  
The pump station design as well as an operation plan will be addressed during PED.  The remaining water 
control structures at this site are either passive (setback dikes) or self-regulating (culverts). 

5‐2.1.13 Preliminary	Real	Estate	taking	line	elevations	

The current real estate limits are delineated by the construction area, staging areas, and access roads and 
include the entire potential area of hydraulic effects. Real estate assumptions, valuations, and planning 
documents have been appropriately scaled for the current level of design. As additional surveys, modeling, 
and design are completed during the PED phase, the real estate documentation will be modified 
accordingly. For the current real estate status, refer to the Feasibility Study, Appendix F, Real Estate Plan. 

5‐2.1.14 Criteria	for	facility/utility	relocations	

The Everett Marshland site serves as a utility corridor for several regional and local agencies. The 
hydraulic design and construction required to accomplish the restoration work are summarized in Table 
5-2-8. 

Table 5-2-8. Utility Protection and Relocation at Everett Marshland Site 

Agency Utility Action Required 

Bonneville Power 
Administration 
(BPA) 

Electric transmission lines 

Protect in place. Construct access roads 
and dikes with large box culverts at 
channel crossings. Road/dike elevation: 
16 feet NAVD88.. 

Puget Sound 
Energy (PSE) 

Electric transmission lines 

Protect in place. Construct access roads 
and dikes west of railway at elevation 16 
feet (NAVD88), tower islands east of 
railway at elevation +/-20 feet (NAVD88). 
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Agency Utility Action Required 

BP - Olympic Petroleum pipelines 
Protect in place. Construct setback dike at 
elevation 20 feet (NAVD88) to protect gas 
lines. 

Snohomish PUD 
Electric power lines on Lowell-
Snohomish River Road 

Relocate. 

City of Everett Water supply Relocate. 

Snohomish PUD 
Possible sewer line on Lowell-
Snohomish River Road 

Relocate. 

Snohomish PUD 
Electric, water sewer lines on 
Lowell-Larimer Road 

No impact. 

The primary facility that will be relocated is the pump station conveying flow from the Marshland Canal to 
the Snohomish River. This station will be moved from the north end of the site on the Snohomish River to 
a location upstream of the restored channel system on the southern boundary of the site. In order to 
design the relocated pump station, updated hydrology will need to be developed during PED to include 
the full area of farmland and urban uplands currently drained by the existing pump station.  The pump 
station will be designed to current code requirements, including upgrades for fish passage as well as flood 
protection. Relocation of the water supply lines may require pre-design studies to evaluate the best route 
for this utility. These water lines are significant components of the City of Everett’s water supply system. 

5‐2.1.15 Criteria	for	identification	of	flowage	easements	required	for	project	function	

The entire site lies within the 100-year floodplain limits. flowage easements are not currently anticipated 
for this site. This will be reviewed and confirmed during PED. 

5‐2.1.16 Criteria	in	support	of	project	OMRR&R	requirements	

Monitoring needs associated with the hydraulic function of the site are as follows: 

 The newly excavated distributary channel network within the site should be monitored to confirm 
that it is developing as anticipated. 

 Areas adjacent and downstream of Everett Marshland will require periodic monitoring to observe 
whether excessive erosion or sedimentation is occurring that affects either habitat or adjacent 
properties. 

 Bridge piers should be monitored for signs of excessive scour or accelerating scour at an interval 
to be determined during PED. 

 Bridge abutments will require periodic inspection to ensure that channel migration is not 
affecting them and that any slope protection is functioning as designed. 
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 Periodic inspection of culverts, interior roadways, and dikes will be required to ensure their 
stability and identify maintenance issues. 

 The relocated pump station should be monitored in accordance with its operations and 
maintenance manual. 

 Salinity and pollutant monitoring may be carried out at the site to confirm no significant impacts 
to water quality. 

5‐2.1.17 Environmental	engineering	considerations	

In the context of hydrology and hydraulics, environmental engineering is taken to mean water supply and 
sanitation. 

Water Supply 

The site contains several water mains, and numerous water supply lines are assumed to exist throughout 
the site. Rerouting of water lines will need to be coordinated with local landowners and utilities. Any 
existing water wells within the site will need to be decommissioned as part of the abandonment and 
removal of existing structures. Although it is unlikely that any private groundwater wells will be affected 
by salinity intrusion from increased tidal prism, the location and depth of any wells upstream of the site 
will be reviewed during PED. 

Sanitation 

Some of the properties in and around the site area are assumed to be on septic systems.  Any existing 
septic systems within the site will need to be decommissioned as part of the abandonment and removal of 
existing structures. The extent to which changes in tidal prism will affect groundwater flow in the site and 
leach fields upstream of the site will be addressed during PED. 

5‐2.2 Residual	Flooding	Consequences	–	With	Project	Flooding	

This section discusses the predicted hydraulic conditions after construction of the site. 

5‐2.2.1 Warning	time	of	impending	inundation	

Aside from regional warnings for possible flooding, no warning system is planned. (Not applicable.) 

5‐2.2.2 Rate	of	rise,	duration,	depth,	and	velocity	of	inundation	

In order to forecast the with-project depths and velocities during inundation, a revised hydraulic model 
will be implemented which reflects the proposed geometry of the restoration and the new infrastructure 
within the site. Design of the relocated pump station may require an analysis of the rate of rise and flow 
duration during various flood events. Interior dikes that provide access to utilities will have to be designed 
for overtopping flows that should consider the dynamics of flooding and drawdown. This will be 
addressed during PED. 
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5‐2.2.3 Historic,	1%	and	0.2%	exceedance	(100‐year	and	500‐year)	flood	extents	

Restoration and construction activities at this site are not likely to significantly affect peak water levels for 
low recurrence floods such as the estimated 100‐year and 500-year events. A revised hydraulic model will 
be implemented which reflects the proposed geometry of the restoration and the new infrastructure 
within the site. Flood elevations will be reviewed during PED and revised as necessary. 

5‐2.2.4 Access	and	egress	problems	created	by	flooding	

The proposed grade elevation of interior dikes associated with electric transmission line access lies at 16 
feet (NAVD88) which is about 7 feet below the 100-year base flood elevation . These interior cross dikes 
have been designed at this elevation to prevent backwatering effects and prevent dike damage during high 
flows. Access would be possible during 2-year return interval floods but less frequent, larger flood events 
would inundate these access roads. 

The proposed grade elevation of the setback dike and roadway is at 20 feet (NAVD88) (higher at proposed 
bridges) which is about 1.7 feet to 4.7 feet below the 100-year base flood elevation depending on location. 
Dike-top elevations have been set across the estuary by the Marshland Flood Control District to allow for 
controlled overtopping during 5-year and greater flood events. The exact recurrence interval when this 
roadway would flood will be confirmed during PED.  

The railway and roadway bridge decks lie at an elevation 23 feet (NAVD88). This is at or slightly below the 
base flood elevation depending on location. The new bridge deck elevations are proposed to match the 
grade of the existing railway. 

In summary, full access to the site would be possible only for small, frequent flood events. Access to the 
transmission lines would be lost during moderate flooding. There would be no access to or across the site 
for events at or exceeding the 100-year flood. 

5‐2.2.5 Potential	for	loss	of	life	as	a	result	of	5‐2.2.1	through	5‐2.2.3	

The potential for loss of life as a result of the proposed restoration is low and does not represent a 
substantial change from the current conditions. Care should be taken to properly train and inform utility 
maintenance crews and pump station operations personnel about procedures in case of flooding.  
Recreational use of the site should be discouraged if a possibility of flooding exists. 

5‐2.2.6 Identification	of	any	potential	loss	of	public	services	

The potential for loss of public services as a result of the restoration is low. Since utility access dikes will 
be designed for overtopping and stability during flood flows, the risk of damage to transmission line 
supports is small.  Roadway and railway access across the site will be maintained for moderate flood 
events but not in the case of 100-year flood flows. 

5‐2.2.7 Potential	physical	damages	

Potential physical damages that can occur during flooding will be addressed by the hydraulic analyses 
conducted during PED. This will include an evaluation of the need for scour protection on bridge piers as 
well as roadway embankments, interior dikes, setback levee, tower islands, and culverts and will address 
the issues of channel stability and sediment outflow from the site. 
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5‐2.3 Project	Induced	Flooding	–	Change	from	Pre‐Project	Conditions	

This section describes the effects of the proposed restoration on flood elevations, flood patterns, and flood 
frequency. Induced flooding was considered in the project formulation resulting in the plan for a setback 
levee to maintain the same level of flood protection as for pre-project conditions. Approximately 4,700 
acres of agricultural land with houses will be at risk of inundation if the levee is removed at Everett 
Marshland. For discussion of the preliminary real estate valuation and the estimated construction costs 
for the setback levee, please refer to Section 6.4.1 of the Draft Feasibility Report/Environmental Impact 
Statement. 

5‐2.3.1 Information	categories	required	by	5‐2.2	

Flooding at Everett Marshland is dominated by fluvial discharge from the Snohomish River, with minimal 
influence from coastal flooding and tides. Lowering and setback of dikes at the site is not anticipated to 
significantly affect peak water levels during 100-year floods since dike top elevations in the Marshland 
Flood Control District are set to allow for controlled overtopping in 5-year and greater floods, lowering 
and setback of the riverside levee. Water levels within the site during smaller flood events will be affected 
by the increased tidal prism, the availability of new inflow pathways to the site, and the proposed changes 
in the site geometry. The increased flow in the site is a goal of the restoration effort. Project-induced 
flooding will be evaluated during PED. 

5‐2.3.2 Anticipated	frequency	of	induced	flooding	

Although the proposed work is expected to alter the pattern of flooding within the site and possibly cause 
small changes in adjacent channels, it is not expected to change the frequency of flooding in the 
Snohomish River. Areas within the site will be inundated more often for lower return interval floods, 
which is one of the goals of the restoration effort. 

5‐2.4 Inundation	Risk	0.2%	Exceedance	(500‐year	Return	Interval)	Flood	

Work at the site is not anticipated to appreciably change the 500-year flood elevations at Everett 
Marshland. The principal risk for the 500-year flood in this area is due to sea level change(refer to Section 
5-2.1.9). 

5‐2.5 Hydraulic	Studies		

5‐2.5.1 Hydraulic	roughness	determinations	

No hydraulic roughness determination is currently planned.  If a hydraulic roughness determination is 
required to complete hydraulic analyses, then roughnesses will be determined using a combination of 
aerial photographs and field surveys during PED. 

5‐2.5.2 Water	surface	profiles	

Current water surface profiles as reported in the FEMA Flood Insurance Study (FEMA, 2005b) include 
the presence of the dike on the Lowell-Snohomish River Road, which will be set back as part of work at 
the site. They do not include the influence of the proposed transmission line access dikes or the channel 
modifications that are planned for this site. In order to predict the with-project water surface profiles, a 
revised 2-D hydraulic model will have to be implemented which reflects the new proposed geometry and 
the effects of the relocated pump station. This will be addressed during PED. 
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5‐2.5.3 Stage‐discharge	relationships	

Current stage-discharge relationships as reported in the FEMA Flood Insurance Study (FEMA, 2005b) 
include the presence of the dike on the Lowell-Snohomish River Road, which will be set back as part of 
work at the site. They do not include the influence of the proposed transmission line access dikes or the 
channel modifications that are planned for this site. In order to predict the with-project water surface 
profiles, a revised 2-D hydraulic model will have to be implemented which reflects the new proposed 
geometry and the effects of the relocated pump station. This will be addressed during PED. 

5‐2.5.4 Head	loss	

Other than the head losses that will be incorporated into the revised hydraulic model, no additional head 
loss studies are planned. (Not applicable.) 

5‐2.5.5 Flow	and	velocity	

Flow and velocity information from the revised hydraulic model will be used to design flow control 
structures such as the pump station, flood relief gates, and culverts, and to assess the possibility for 
sedimentation, scour, and bank erosion in and around the site. 

5‐2.5.6 Structural	sizing	needed	to	meet	design	capacity	including	slope	protection	

The hydraulic analysis conducted during PED will include the sizing of channels and culverts to ensure 
adequate tidal interaction. The analysis will also evaluate the need for bank, bridge pier, and abutment 
scour protection within the site;  slope protection along the Snohomish River and protection of interior 
dikes subject to overtopping during flooding. 

5‐2.5.7 Water	control	facilities	

The water control facilities planned at this site include dikes, flood relief gates, culverts, and a pump 
station. Specific designs are not yet formulated for these structures. Design of all these features will be 
addressed during PED. 

5‐2.5.8 Energy	dissipating	facilities	

No energy dissipation facilities are proposed. However hydraulic modeling in PED should evaluate the 
need for energy dissipation facilities at the flood relief gates. Currently, flood relief gates discharge into 
the downstream end of the Marshland Canal and Snohomish River. Proposed flood relief gates are shown 
discharging onto the marsh plain at the south end of the site and could have significant scour effects if no 
energy dissipation is provided. The need for energy dissipating facilities will be evaluated in the PED. 

5‐2.5.9 Erosion	control	requirements	

Construction 

The planned earthwork for this site does not specify dredging or water-based equipment. Since existing 
bridge supports, slope protection, roadway, bank fill material, culverts, in-channel sediments, and the 
pump station will be demolished or removed as part of the work, appropriate in-water sediment control 
measures will need to be used during construction. Any in-water or overwater construction should follow 
accepted best management practices for both erosion and contaminant control. Planning during PED 
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should evaluate the best and most cost-effective methods for earthwork close to water. These may include 
excavating during extreme low tides, installing silt curtains, or possibly using a containment structure for 
work in the dry. 

With Project 

The hydraulic analysis conducted during PED will evaluate the need for erosion control or scour 
protection on setback dikes, roadway embankments, bridge foundations, and water control structures.  
No erosion control is anticipated outside of the construction boundaries since the goal is to reestablish 
natural erosion and sedimentation processes. However, hydraulic analysis during PED should be used to 
examine possible downstream and cross-channel effects of the restoration. New and existing slope 
protection should be monitored for signs of erosion at an interval to be determined during PED. 

5‐2.5.10 Existing	and	post‐project	sedimentation	

The entire Snohomish River Estuary is an active accretionary environment. Distributary channels in the 
estuary may shift or avulse as part of natural sedimentation patterns. If conditions at Everett Marshland 
remain as they are presently, the interior of the site will likely continue to subside from lack of new 
sediment inflows. The lowering and setback of the levee and the construction of a channel network will 
allow increased tidal prism and sediment inflows at the site. The work is also likely to result in increased 
flows to the Snohomish River and redistribution of sediments impounded as result of diking and ditching. 
The project site location on the mainstem of the Snohomish River has the benefit of receiving the river’s 
sediment load which is not available to the same degree at other Snohomish River estuary restoration 
sites located on tidal sloughs away from the mainstem. The amount and potential areas of flow changes 
and sedimentation will be addressed during PED. 

5‐2.5.11 Water	control	and	order	of	work	during	construction	

Construction should be sequenced with work on the interior marsh first and dike lowering and connection 
to the Snohomish River last. It may be advisable to install the setback levee, new pump station and outlet 
works at the southern end of the site first, to isolate the uplands from possible impacts of construction. 
Construction of the new Marshland Pump Station at the south end of the site will need to occur before the 
existing pump station can be removed. For further considerations refer to Section 5-2.5.9. 

5‐2.5.12 Criteria	for	facility/utility	relocations	

See Section 5-2.1.14. 

5‐2.5.13 Other	facilities	to	meet	project	goals	

No other facilities are required in order to meet project goals. (Not applicable.) 

5‐2.5.14 Instrumentation	and	monitoring	

A combination of field surveys and aerial photographs will be used to document biological and physical 
changes to the landscape. Monitoring data can be used to refine adaptive management and corrective 
measures, as needed. Some of the key monitoring needs and opportunities are summarized in the 
Feasibility Study. 
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5‐2.6 Coastal	studies	

Everett Marshland is located along the Snohomish River approximately 7 miles upstream of the delta 
shoreline and is only subjected to wind waves caused by local winds.  Measurements at the nearby 
Snohomish Airport (Figure 5-2-6) show that the maximum wind speeds come from the southeasterly 
direction and rarely exceed 40 miles per hour.  This could result in wave heights of 3 feet with a period of 
3 seconds at the river delta shoreline. However, these waves would likely be attenuated by the time they 
reached the site.  It is unlikely that wind waves are a significant forcing mechanism at this site. This site 
appears to be controlled by riverine influence; this will be addressed during PED. In addition, the 
influence of coastal flooding will be evaluated during PED. 

 

Figure 5-2-6. Wind Rose for Snohomish Airport 

Project plans formulated during the conceptual design phase for Everett Marshland are based on a 
MHHW tidal datum of 9.06  feet (NAVD88).   This datum is based on the tide gauge at Everett (NOAA 
Gauge 9447659). . Major tidal datums summarized in Table 5-2-9. There are significant uncertainties in 
water levels at the site due to the combination of tidal and riverine influence. A temporary water level 
gauge will be installed during PED to determine the appropriate tidal and water level datums. 

Table 5-2-9. Major tidal datums for Everett Marshland, Everett (Station 9447659) 

Datum Description 
Water Level  
(ft, NAVD88) 

Mean Higher-High Water (MHHW) 9.06 
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Datum Description 
Water Level  
(ft, NAVD88) 

Mean High Water (MHW) 8.18 

Mean Tide level (MTL) 4.48 

Mean Sea Level (MSL) 4.45 

National Geodetic Vertical Datum of 1292 (NGFD29) 3.69 

Mean Diurnal Tide Level (DTL) 3.51 

Mean Low Water (MLW) 0.77 

North American Vertical Datum of 1988 (NAVD88) 0 

Mean Lower Low Water (MLLW) -2.03 

A summary table for the anticipated hydraulic studies at this site is presented in Section 5-21. 

5‐2.6.1 Design	of	coastal	shore	protection	projects	(ER	1110‐2‐1407)	

This site does not include coastal shore protection. (Not applicable.) 

5‐2.6.2 Effects	on	adjacent	shores	

Downstream of the site, the shoreline transitions from tidal freshwater wetlands to estuarine wetlands 
and finally to a river delta shoreline. The project could alter both the salinity and sedimentation patterns 
around the river delta, potentially impacting areas outside the site boundary. The effects on adjacent 
shores should be evaluated during PED.   

5‐2.7 Navigation	projects	

The federally maintained Snohomish River Navigation Channel begins approximately 2 miles 
downstream of the site.  Construction of the project is not expected to have a significant impact on the 
navigation project.  The potential for impacts to the navigation channel needs to be evaluated during PED. 

5‐3 SURVEYING,	MAPPING,	AND	OTHER	GEOSPATIAL	DATA	
REQUIREMENTS		

This section describes surveying, mapping, and other geospatial data information to support preparation 
of the feasibility report and the Real Estate Plan (Appendix F of Feasibility Study). A brief outline of 
additional surveying and mapping required for subsequent design, plans and specifications, construction, 
and operations is also included. 
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5‐3.1 Surveying,	mapping,	and	other	geospatial	data	information	used	

Geospatial data for the Everett Marshland site was obtained primarily from remote sensing applications. 
No site-specific topographic, bathymetric, property, or utility surveys were conducted during the 
conceptual design phase. LiDAR, aerial imagery, and other geospatial data were used to delineate 
topographic features, determine surface elevations, and to estimate areas, volumes, lengths, and other 
dimensions of key features using CAD and/or ArcGIS. High-resolution LiDAR was obtained from the 
Puget Sound LiDAR Consortium (2009 LiDAR; 1m grid; State Plane projection in NAD83 [horizontal 
datum] and NAVD88 [vertical datum]; available at 
http://pugetsoundlidar.ess.washington.edu/lidardata/index.html).  The Puget Sound Digital Elevation 
Model was used for combined bathymetry and topography of the Puget Sound lowland (Finlayson D.P., 
2005; University of Washington; State Plane projection in NAD83 [horizontal datum] and NAVD88 
[vertical datum]; available at http://www.ocean.washington.edu/data/pugetsound). Recent aerial 
photography (Bing Maps Aerial, 2012) was evaluated to determine recent site conditions. The conversion 
from Mean Lower Low Water (MLLW) to North American Vertical Datum (NAVD88) and to the NGVD29 
datum was derived from NOAA’s VDATUM (using the coordinates latitude 47.99305556, longitude -
122.3021722).  

Information on land ownership was derived from the Washington Public Lands Database. Additional 
parcel data, including parcel boundaries, were obtained from the Snohomish County assessors’ office 
(2010). Information on utilities, existing roadway geometry, and other site features was generally scaled 
off of aerial photographs because as-built drawings were not available. A site reconnaissance was 
performed in September 2010.   

Designers consulted the Nearshore Geodatabase for additional site context. The Nearshore Geodatabase is 
available from the Washington State Geospatial Data Archive at: 
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP. Metadata are provided in the 
Geospatial Methodology Used in the PSNERP Comprehensive Change Analysis of Puget Sound (Anchor 
QEA et al., 2009) (see Annex B). The geodatabase includes numerous datasets listed below: 

 Shoreline  Overwater structures 

 Bathymetry  Marinas 

 Digital Elevation Model (DEM)  Armoring 

 LiDAR (terrestrial)  Breakwaters/jetties 

 Oblique aerial imagery (from the 
Washington Coastal Atlas) 

 Groins 

 Hydrographic sheets   Dikes 

 Geology  Dams 

 Slope stability  Nearshore fill 

 Drift cells (net shore-drift)  Roads 

 Streams  Railroads 

 Impervious surfaces  Land cover 

Designers also consulted the University of Washington Puget Sound River History Project 19th Century 
Coast Survey Topographic Sheets (2009) for information on historical geomorphic conditions. Conceptual 
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designs were intended to replicate historical conditions and remove stressors to nearshore processes to 
the extent practicable and feasible. As a result, these datasets informed the selection of restoration 
strategies and features. Designers created additional GIS data layers (point files, line files, and polygon 
files) to represent civil design features such as areas of lowland excavation to be depicted on the plan view 
drawings. Designers also created simple line drawings in CAD to represent typical sections and estimate 
quantity take-offs but did not do any surface modeling.   

5‐3.1.1 Additional	survey	and	mapping	required	

Substantial additional information will be required at the preliminary and later design stages to refine the 
design assumptions, confirm real estate requirements, and develop plans and specifications. Additional 
survey, mapping, and other geospatial data needs include the following: 

 Property/Utility Survey – More detailed information on property boundaries and utilities will be 
needed to finalize the design and support real estate negotiations.   

 Topographic/Bathymetric Survey – The conceptual design was based on LiDAR and aerial 
photos, which have inherent inaccuracies. Site-specific topographic and bathymetric survey data 
will be needed to refine design of key elements and develop detailed construction and demolition 
plans. Survey data could also be used as a baseline for pre- and post-construction modeling, 
including hydrodynamic modeling. A temporary tide gauge may be required in the early design 
stages to obtain site-specific tidal statistics.  

5‐3.1.2 Timeline	for	incorporation	of	new	mapping	or	other	geospatial	data	

Planning, design, and implementation are expected to take several years. The site-specific surveys 
identified above are standard components of the design process and should be completed in the early 
stages of PED to ensure that the design work proceeds efficiently. Incorporating these data into the design 
process is not expected to delay the restoration. 

5‐4 GEOTECHNICAL	
This section describes the geologic setting of the site, previous and recommended studies, and proposed 
geotechnical explorations relevant to design features. 

5‐4.1 Geotechnical	Information	Used		

5‐4.1.1 Regional	and	site	geology	

Regional geologic mapping from the Washington Department of Natural Resources indicates site-specific 
geologic features include alluvium (Qal) from the Holocene age (Smith, 1976). Alluvium deposits mapped 
in the area are mostly sand and gravel deposited by streams and may contain some silt, clay, and organic 
material. The geologic map is shown in Figure 5-4-1. 
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Figure 5-4-1. Geologic Map of Everett Marshland 

Near-surface soils mapped in the area by the Soil Survey of Snohomish County, Washington, consist of 
Mukilteo muck, Puget silty clay loam, and Snohomish silt loam. Mukilteo muck is typically observed in 
depressions and is described as highly organic soft soil (Debose and Klungland, 1983. Puget silty clay 
loam is often observed in floodplains and is described as silty clay loam deriving from alluvium. 
Snohomish silt loam, similar to Puget silty clay, is observed in floodplains and derives from alluvium. The 
soil is described as silt to silty clay with peat. 

According to the Washington State Department of Ecology (Ecology) website, five test wells were drilled 
for Puget Sound Energy in the vicinity in November 1998 (Ecology, 2003). The wells are located along 
Lowell-Snohomish River Road and were drilled to depths between 59 and 75 feet. Groundwater was 
observed in two of the wells at depths of 6 and 35 feet below the ground surface. The driller’s log indicates 
the typical soil profile consist of silts and silty sands in the top 40 feet, sands from 40 to 65 feet, and sands 
and gravels from 65 feet down to the bottom of the hole. 



 

Engineering Appendix  Section 5 
Everett Marshland   Page 25 

5‐4.1.2 Completed	explorations	

At this time no subsurface explorations have been completed. All subsurface information is based on soil 
surveys, geologic mapping, and available logs from Ecology. See Section 5-4.3 for the proposed subsurface 
exploration plan. 

5‐4.1.3 Selection	of	preliminary	design	parameters	

Based upon research of the soils and geology in the vicinity, subsurface soils are likely to consist mostly of 
clay, silt, and sand. Preliminary design parameters have been selected for various soil descriptions which 
are likely to be observed at the proposed bridge foundation locations. Table 5-4-1 provides a range of 
preliminary design values for the anticipated soils in the foundation. 

Table 5-4-1. Preliminary design parameters 

Soil Description 
Depth 
Range 
(feet) 

Unit Weight, γ 
(pcf) 

Friction angle, ϕ’ 

Loose to medium dense silty sand 0 – 40 115-125 30°-32° 

Medium dense sand 40 – 65 120-130 32°-34° 

Medium dense to dense sand, gravel, 
and cobbles 

65-100 125-135 34°-38° 

Groundwater table was assumed at the ground surface. 

5‐4.1.4 Geophysical	investigations	

No geophysical investigations have been conducted or are recommended. (Not applicable.) 

5‐4.1.5 Groundwater	studies	

No groundwater studies have been conducted for geotechnical design. Groundwater elevation is 
influenced by the flow of the Snohomish River and the water surface elevation of Puget Sound. For 
geotechnical design purposes, the groundwater will be assumed at the ground surface when considering 
the bridge foundations.  

5‐4.1.6 Recommended	instrumentation	

No instrumentation is recommended. (Not applicable.) 

5‐4.1.7 Earthquake	studies		

In accordance with Table 20.3-1 of the 2010 American Society of Civil Engineers (ASCE) 7, a Site Class D 
is recommended for this site when considering the average of the upper 100 feet. According to the 2008 
United States Geological Survey (USGS) Earthquake Hazards website 
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https://geohazards.usgs.gov/deaggint/2008/, the Peak Ground Acceleration (PGA) predicted for the site is 
0.507 g, and the maximum considered earthquake (MCE) ground motions for the site are Ss=1.150 g and 
S1=0.499 g. In accordance with Tables 11.4-1 and 11.4-2 from ASCE 7, Site Coefficients Fa and Fv are 1.1 
and 1.5, respectively for a Site Class D. Therefore the adjusted MCE ground motions are SMS=1.264 g and 
SM1=0.749 g. The return interval for these ground motions is 5 percent probability of exceedance in 50 
years (975 years). See figure 5-4-2 below for earthquake deaggregation output.  

 

Figure 5-4-2. Deaggregation plot for Everett Marshland 

Seismic design for deep foundations and bridge abutments will be performed in accordance with the 
Washington State Department of Transportation (WSDOT) requirements and the American Association 
of State Highway and Transportation Officials (AASHTO) Load and Resistance Factor Design (LRFD) 
Seismic Design Specifications. (AASTHO specifies 7% in 75 years, which is comparable to USGS 5% in 50 
years.) 

Seismic design for railway structures will be designed in accordance with American Railway Engineering 
and Maintenance-of-Way Association (AREMA) 2012 Manual for Railway Engineering. Chapter 9, 
Section 1 of the manual gives seismic design requirements for railroad bridges. 

Earthquake loadings are not normally considered in analyzing the stability of dikes because of the low risk 
associated with an earthquake coinciding with periods of high water. Depending on the severity of the 
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expected earthquake and the importance of the dike and duration of flood event, seismic analyses to 
determine liquefaction susceptibility and stability may be required. This is not anticipated for this site. 

5‐4.1.8 Preliminary	foundation	design	and	slope	stability	analysis	

The existing Lowell-Snohomish River Road embankment functions as a dike along the left bank of the 
Snohomish River. The new alignment of Lowell-Snohomish River Road will be set back near the railroad 
and will have two bridges allowing for hydraulic conveyance into historic channels. The proposed bridges 
will be approximately 295 feet (Road Bridge A) and 850 feet (Road Bridge B) with three spans and seven 
spans respectively. Both bridges are to be supported by deep foundations. Preliminary foundation 
estimates were included in the conceptual design for cost estimating purposes. The foundation design 
assumed two, 7-foot-diameter drilled shafts at each pier with a 100-foot embedment depth.  

Foundations for the proposed railroad bridges will be designed in accordance with AREMA 2012 Manual 
for Railway Engineering. The proposed bridges will be approximately 50 feet (Rail Bridge 2) and 850 feet 
(Rail Bridge 3) with 2 spans and 32 spans respectively. Preliminary foundation estimates were included in 
the conceptual design for cost estimating purposes. The foundation design assumed four steel H-piles at 
each bent with a 100-foot embedment depth. 

Drilled shafts, cast-in-place piles, or driven piles are acceptable foundation alternatives for the proposed 
bridges. Shallow foundations are not considered an option due to potential seismic loading, scour, 
liquefiable soils, and soft soils. 

A preliminary estimate of foundation capacity using the lower range of the parameters in Table 5-4-1 was 
used as a check on the proposed foundations from the conceptual design. See Tables 5-4-2 and 5-4-3 for 
results of the estimate. 

Table 5-4-2. Preliminary Foundation Axial Capacity Estimate – Vehicle Bridges 

Vehicle Bridges A B 

Bridge 

 

 

 

 

Total length (feet) 295 850 

# of spans x Approx. span length (feet) 3 x 98 7 x 120 

Approximate width (feet) 42 42 

Dead load x 1.25 [LRFD strength I] (kips) / 
pier 

1,400 1,650 

Live load  x 1.75 [LRFD strength I] (kips) / pier 350 400 

Foundation Type Drilled Shaft Drilled Shaft 

Diameter (inch) 84 84 

# shafts / pier 2 2 

Depth (feet) 100 100 
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Vehicle Bridges A B 

Load Estimated static loading demand (kips) 900 1,000 

Capacity Estimated pile capacity (kips) 2,400 2,400 

Sufficient capacity OK OK 

Table 5-4-3. Preliminary Foundation Axial Capacity Estimate – Railroad Bridges 

Railroad Bridges 2 3 

Bridge Total length (feet) 50 850 

# of spans x Approx. span length (feet) 2 x 26 32 x 26 

Approximate width (feet) 16.5 16.5 

Load estimate including train impact (kips) / 
bent 

600 600 

Foundation Type H-pile H-pile 

Section depth (inch) 14 14 

# piles / bent 4 4 

Depth (feet) 100 100 

Load Estimated static loading demand (kips) 150 150 

Capacity Estimated pile capacity (kips) 400 400 

Sufficient capacity OK OK 

Foundation design is preliminary and based on assumed subsurface information. Upon completion of 
subsurface explorations at the site, foundation design should be fine-tuned using encountered subsurface 
conditions. Subsequent foundation design will include drilled shafts and driven piles as a comparison if 
deemed as a valid alternative. It is anticipated that the foundation soils are loose and potentially 
liquefiable, which may increase the depth of the drilled shafts or driven piles for the bridges to a denser 
underlying layer. Seismic, liquefaction, and scour are not included in the current preliminary capacity 
estimate. 

Slope stability has not been evaluated at this time. Slope stability analyses at either end of the approach 
embankments may be performed upon completion of the design and geometrical configuration of the 
bridges. Ground improvements, such as stone columns, may be required at the bridge 
abutments/roadway approaches if liquefiable soils are encountered. Stability and settlement of the new 
roadway embankments will need to be evaluated during later stages of design. 
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The proposed dike should be designed in accordance with Engineering Manual 1110-2-1913 Design and 
Construction of Levees. For dikes constructed on soft subsurface conditions, stability and long-term 
settlement analyses are typically performed.  

5‐4.1.9 Excavatability	analysis	

According to the conceptual design, significant volumes of fill will require excavation. No explorations or 
construction records were located for the Lowell-Snohomish River Road embankment, and therefore the 
embankment material is unknown. Based on soils and geology maps in the area, it may be assumed that 
the embankment consists of a combination of local materials and structural fill. The tidal marsh channels 
are in agricultural fields and consist of alluvium deposits. No bedrock or boulders are anticipated; 
therefore, no blasting should be required. Excavation of the embankment fill and channels will likely be 
accomplished by excavator or dozer.  

5‐4.1.10 Anticipated	construction	techniques	and	limitations	

The type of deep foundation will be confirmed during PED once subsurface explorations have been 
completed. It is assumed that drilled shafts will be used to support the proposed vehicle bridges. Due to 
the presence of soft and/or caving soils and anticipated high goundwater, either casing or wet method is 
recommended for construction of drilled shafts. Upon completion of the shaft excavation, the hole is 
cleaned and the reinforcing steel cage is placed to the bottom of the hole. The casing is then carefully 
extracted, fully or partially, leaving a top segment to facilitate column installation, and concrete is cast. 
Once the shafts are installed and the columns are cast, the pilecaps and bridge superstructure are 
constructed.  

It is assumed driven piles will be used to support the proposed railroad bridges. Steel H-piles will likely be 
driven using a pile driver with a pneumatic, hydraulic, or vibratory hammer. The plan is to drive piles 
under the track and replace sections while maintaining railroad service. Alternative methods of track 
replacement, such as a shoofly, will be investigated during later stages of design. 

Most of the earthwork will be accomplished with standard excavation equipment. Excavation of the 
interior tidal channel network may be accomplished year-round using dozers and excavators due to the 
existing dikes and drainage ditches. Excavation of the dike breach should be scheduled to coincide with 
periods of low water. 

Settlement may be observed along portions of the new dike, access dikes, and roadway embankments. 
Depending on geotechnical evaluation, construction of the embankments may need a surcharge, staging 
to reduce post-construction settlement, or ground improvements. Construction practices and methods 
outlined in Engineering Manual 1110-2-1913 Design and Construction of Levees are recommended for 
dike construction. 

Many utilities run across the site and will be affected by construction activities and proposed features. 
During later stages of design, service providers will be consulted to evaluate the impact and methods to 
protect the utilities. 

See Section 5-6.1.2 for additional construction notes. 
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5‐4.1.11 Potential	borrow	sources	and	disposal	sites	

No borrow or disposal areas have been identified within the site. Potentially some excavated material 
from the dike removal may be placed in low spots east of the railroad to raise the grades outside of the 
distributary channels. It is unlikely that a suitable borrow source for the embankments will be located 
within the site. Offsite disposal and borrow sites should be investigated during later stages of design. 

5‐4.1.12 Potential	sources	of	concrete	and	materials	

Preliminary investigations indicate that there are multiple sources for ready-mix concrete and aggregate 
materials within 20 miles of the site.  

5‐4.1.13 Suitability	of	concrete	and	materials	

Suitability of concrete and materials will be evaluated at later stages of design or during construction. 

5‐4.2 Additional	studies	and	analysis	

Additional studies and analysis to be completed during PED or subsequent phases of design include the 
following at a minimum: 

 Geotechnical Investigation: subsurface explorations, testing, and field reconnaissance 

 Foundation Design: static and seismic analysis according to AASHTO LRFD for vehicle bridges 
and AREMA for railway bridges 

 Abutment Stability: include potential for liquefaction and ground improvement 

 Pavement Design: new roadways and approaches (include traffic analysis for Equivalent Single 
Axle Loads (ESALs))  

 Scour Study: at roadway embankments, abutments, and bridge piers 

 Settlement Analysis: for roadway and railway embankments 

 Dike Design: stability, settlement, seepage analysis 

5‐4.3 Additional	explorations	and	testing	

The proposed subsurface exploration plan consists of drilling borings along the alignment of the proposed 
roadway and railway bridges. In addition, test pits, cone penetrometer testing (CPT), and borings should 
be conducted along the roadway and railway embankments. Borings along the bridge alignments will be 
located at the abutments and at least one every pier, approximately every 100 to 120 feet (closer for the 
railway bridges). For the embankments, borings will be spaced approximately every 250 to 500 feet with 
additional CPTs between the borings to provide additional parameters and an adequate soil profile along 
the proposed embankments. Test pits could be performed if needed for at-grade construction and 
pavement design. 

Explorations for the proposed dike should be conducted in accordance with Engineering Manual 1110-2-
1913. This will include a combination of test pits and borings along the dike alignment. Depth of borings 
and test pits for the dike should be a minimum of 10 feet and spaced approximately every 200 feet. Test 
pits will be accomplished with a backhoe or small excavator, and the recommended boring method is mud 
rotary.  
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Based on research of the site and preliminary foundation design, the bridge borings should be a minimum 
of 125 feet below the ground surface, embankment borings and CPTs a minimum of 50 feet, and test pits a 
minimum of 10 feet. The preferred exploration method for the borings is mud rotary. Test pits will be 
accomplished with a backhoe or small excavator. 

The subsurface exploration plan should be reevaluated and coordinated with hazardous and toxic material 
investigations during PED to include chemical sampling and testing; see Section 5-9.  

Sampling in the soil borings will be accomplished using standard penetration test (SPT), with samples 
taken every 2.5 feet for the top 30 feet and every 5 feet for the remainder of the boring depth. Proposed 
soil lab testing will be as follows: approximately 50% of samples will be tested for moisture content, 20 
percent of samples for grain size, and 20% of samples for finer than #200 sieve. Any cohesive material 
encountered will be tested for Atterberg limits. In-situ testing will include SPT blow counts. 

5‐4.4 Laboratory‐testing	program	and	evaluations	

No laboratory testing or evaluation of materials has been completed at this time.  

5‐5 ENVIRONMENTAL	ENGINEERING	
This section describes environmental engineering factors relevant to the proposed design features. 

5‐5.1 Use	of	environmentally	renewable	materials	

At the conceptual design stage, use of environmentally renewable materials is not planned. However, if 
renewable materials are available they could be incorporated into the design. Specific details will be 
developed during subsequent design stages. 

5‐5.2 Design	of	positive	environmental	attributes	into	the	project	

The Everett Marshland site was selected to address River Delta restoration objectives to protect and 
restore freshwater input and tidal processes where major river floodplains meet marine waters. This 
restoration would restore tidal hydrology and channel-forming processes to diked farmland that was 
historically tidally influenced wetlands connected to the Snohomish River. The proposed restoration 
entails relocating dikes and roadways, altering and filling drainage canals, restoring tidal channels, and 
reconnecting streams to the tidal area. It would improve connectivity between restored areas and existing 
high-quality Sitka spruce wetlands. Reconnecting Wood Creek to the southeast tidally restored area and 
Snohomish River via the Hardscrabble Slough channel would provide fish passage, restore natural 
freshwater and sediment inputs, and reactivate sediment deposition processes in the tidal marsh. The 
restoration would remove and remediate waste materials from a former private landfill and creosote 
plant. 

5‐5.3 Inclusion	of	environmentally	beneficial	operations	and	management	for	
the	project	

Design and construction will incorporate sustainable and ISO 14000 compliant practices. The U.S. Army 
Corps of Engineers (USACE) Environmental Operating Principles (EOPs) are designed to provide 
direction on achieving better stewardship of air, water, and land resources while showing the connection 



 

Engineering Appendix  Section 5 
Everett Marshland   Page 32 

between managing those resources and protecting environmental health. The EOPs are to ensure that 
USACE actions consider the environment and are sustainable now and in the future. 

5‐5.4 Beneficial	uses	of	spoil	or	other	project	refuse	during	construction	and	
operation	

At the conceptual design stage, beneficial use of spoil or other refuse is possible because the dike removal 
soils may be used opportunistically to raise grades outside of distributary channels. These raised areas 
would target marsh plain elevations found in nearby reference sites in undiked areas bordering the 
Snohomish River. Excavated dike material could be used to fill existing agricultural channels or raise 
grades outside the distributary channels along the BNSF railroad. If spoils or other refuse materials are 
available for reuse, they could be incorporated into the design. Specific details will be developed during 
subsequent design stages.  

5‐5.5 Energy	savings	features	of	the	design	

Energy savings features have not yet been incorporated. In accordance with the EOPs, energy savings 
features will be a component of the design to the maximum extent practicable. 

5‐5.6 Maintenance	of	the	ecological	continuity	in	the	project	with	the	
surrounding	area	and	within	the	region	

The restoration will increase ecological continuity within the site and with the surrounding area. This is 
one of several sites designed to restore the productivity and increase interconnectivity of the Puget Sound 
ecosystem. 

5‐5.7 Consideration	of	indirect	environmental	costs	and	benefits	

Indirect environmental costs and benefits will be evaluated during environmental assessments developed 
for each project at a later date. 

5‐5.8 Integration	of	environmental	sensitivity	into	all	aspects	of	the	project	

Construction will be conducted to ensure no deleterious impacts to the ecosystem will occur over the long 
term. Best management practices will be incorporated into the contract documents. Most management 
practices for construction will cover erosion and sediment control, stormwater management, spill 
response and hazardous material management, trash and debris management, air emissions from 
construction vehicles, and noise standards. 

5‐5.9 The	perusal	of	the	Environmental	Review	Guide	for	Operations	(ERGO)	
with	respect	to	environmental	problems	that	have	become	evident	at	
similar	existing	projects	and,	through	foresight	during	this	design	stage,	
have	been	mitigated/addressed	in	the	project	design	

This is not a USACE operating facility. (Not applicable.) 
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5‐5.10 Incorporation	of	environmental	compliance	measures	into	the	
project	design	

All applicable laws and regulations will be followed during design and construction in accordance with the 
USACE contract documentation.  

5‐6 CIVIL	DESIGN	
This section discusses the key elements of the civil design including the selection of the site and evaluation 
of alternative layouts, alignments, and components. 

5‐6.1 Site	Selection	and	Project	Development	

Restoration of the Everett Marshland site represents an opportunity to restore extensive freshwater tidal 
marshes in the Snohomish River Estuary. The proposed restoration was selected because it would restore 
tidal flow to roughly 876 acres by relocating dikes and roadways, altering and filling existing drainage 
channels, reestablishing historic tidal channels, and reconnecting freshwater streams to the tidally 
influenced areas that were once critical to salmon for refuge, foraging, and rearing. In the estuary as a 
whole, the tidal marsh accessible to salmonids is now only one-sixth (approximately 17%) of its historic 
extent, and only 25% of the historic blind tidal sloughs remain (Haas and Collins, 2001) (Figure 5-6-1). 
Restoration would also improve connectivity between restored areas and existing high-quality Sitka 
spruce wetlands. The restoration would remove and remediate waste materials from a former landfill and 
creosote plant. The key design elements associated with the restoration are summarized in Table 5-6-1. 

A "partial" alternative that would restore tidal hydrology and channel-forming processes to a smaller scale 
was considered but not selected.  The full alternative allows for reconnection of a larger area to natural 
tidal hydrology, see Chapters 4 and 5 of the Feasibility Report.   

Table 5-6-1. Key Design Elements 

Item Description of Item Approx. Quantity 

Remove Roadbed 
and Dike  

Remove most of the Snohomish River dike as well as 
Lowell-Snohomish River Road through pavement 
removal and excavation of road embankment and dike; 
assume 4 feet depth to an elevation of 14 feet to 16 feet 
(NAVD88) 

460,800 SF 
(pavement removal) 
 91,020 CY, 12,800 
LF (excavation of 
road embankment 
and dike) 

Build New 
Setback Dike and 
Relocate Road 

Relocate Lowell-Snohomish River Road onto new setback 
dike along the BNSF corridor. Relocate infrastructure 
from old corridor to new corridor; assumes two 16-foot 
lanes with 5-foot sidewalks, elevation +/-20 feet 
(NAVD88) 

9,600 LF 

Build New 
Roadway Bridges 
(A and B) 

Build two new roadway bridges in new setback dike/ 
roadway alignment at former Hardscrabble Slough 
(Bridge A) and Marshland Canal/restored channel 
(Bridge B); match stream/distributary channel crossings 
in the railroad; assume pre-cast concrete girder bridges 
See Section 6-7 for description of bridges   

295 LF and 850 LF 
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Item Description of Item Approx. Quantity 

Preserve, Relocate  
and/or  Replace 
Existing Railroad 
Bridges 

Replace portion of Railroad Bridge 2 at Hardscrabble 
Slough and match to exiting grade 
Replace Railrad Bridge 3 opening at Marshland 
Canal/restored channel; match existing grade and install 
new north abutment with scour protection 
Preserve Railroad Bridges 1, 4 and 5 in place  
See Section 6-7 for description of bridges      

50 LF and 850 LF  

Remove and 
Relocate 
Marshland Pump 
Station  

Remove existing pump station, flood relief gates (4), and 
road bridge at north end of the site  
Construct new pump station at the south end of the site; 
500 CFS estimated design flow, approx. 30 feet static lift 
- 1200 HP  
Install four new flood relief gates; assume 12 feet by 12 
feet motorized sluice gates in concrete structure adjacent 
to new pump station (size based on rough estimate of the 
size of existing flood relief gates) 

NA 

Build new channel to convey discharge from relocated 
Marshland Canal Pump Station to the Snohomish River.   

3,000 LF 

Install new culvert at Snohomish River dike for conveying 
pumped drainage from relocated Marshland Pump 
Station; assumed to be 10-foot-diameter steel, to be 
horizontally driven under roadway and railroad 

290 LF 

Build Utilty 
Access Road 
Embankments  
and Setback Dikes 

Construct paralell dikes along relocated pump station 
discharge channel; South dike on channel also provides 
access to petroleum pipeline.  Assume top elevation of 
dikes +/- 20 feet (NAVD88) 

6,100 LF 

Build new setback dike west of new Marshland Pump 
Station to protect lands to south; assume top elevation 
+/- 20 feet (NAVD88) 

1,800 LF 

Build new utility access/setback embankments to protect 
transmission lines west of the BNSF railroad and lands to 
south; assume top elevation ranges from 14 to 16 feet 
(NAVD88)  

7,500 LF 

Build Raised 
Islands for 
Transmission 
Towers 

Place fill to protect  towers east of relcated road/dike; 
assume top elevation of +/- 20 feet (NAVD88) 

11,185 CY 

Instal New 
Culverts under 
Dikes 

Install 4 culverts under new dikes for PSE and BPA 
transmission lines; assumed to be 25-foot x 10-foot pre-
cast concrete 3-sided box culvert 

60 -70 LF (each) 
 
 

Fill Marshland 
Canal and 
Drainage  Ditches 
to Match Grades 

Fill existing Marshland Canal and drainage ditches to 
match adjacent marsh grades; fill existing sedimentation 
pond adjacent to canal 
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Item Description of Item Approx. Quantity 

Excavate New 
Channel to 
Restore 
Hardscrabble 
Slough/ Woods 
Creek 
 
Excavate New 
Channel through 
Low –lying 
Topography 

One expanded channel connection to the Snohomish 
River at the existing Marshland Pump Station/Canal 
mouth (pump to be removed) is proposed. Two primary 
sinuous distributary channels branching off of this single 
channel south of the existing pump station will be 
restored/excavated.  Each channel’s assumed maximum 
width is 50 feet with a progressively narrow width toward 
the southerly end of the site.  The west primary 
distributary channel will use the historic Hardscrabble 
Slough alignment and connect to Wood Creek at the 
south end.  This west distributary channel will also collect 
flow from five other smaller restored creek channels 
within restored tidal area. The east primary distributary 
channel will follow low terrain and only convey tidal flow. 
This eastern distributary channel will cross the existing 
Marshland Canal in several locations.  

170,570 CY 
Excavation of new 
channels 

Excavate pilot 
channels 

Excavate pilot channels to drain tidal areas. Bottom 
elevation of channel at -2 feet (NAVD88) at the north end 
of the site   

Remove Buildings Remove existing structures in 100-year floodplain 8 buildings 

5‐6.1.1 Basis	of	Design	

The existing system of dikes and drainage channels inhibits tidal flow, sediment transport, and channel 
formation and maintenance in the Everett Marshland site. The proposed restoration removes key 
stressors including tidal barriers, nearshore roads, and the existing Marshland Canal. The civil design is 
based in part on historical conditions as evidenced by 19th Century Coast Survey Topographic Sheets (T-
sheets) (Figure 5-6-1). Post-restoration site conditions are intended to resemble or replicate the historical 
morphology to the extent feasible. The T-sheets show primarily wooded marsh in with a fringe of 
deciduous forest bordering the Snohomish River mainstem but do not show the smaller blind dendritic 
and stream channels that are presumed to have historically existed along the Snohomish River within the 
Marshland area. Aerial photography from the 1930s era and examination of LiDAR topography show one 
major slough channel (Hardscrabble Slough) extending from the mainstem river near the current 
Marshland Pump Station, in a southwesterly direction to the alluvial fan at the mouth of the Wood Creek 
ravine. In addition, a second large slough channel is visible on LiDAR imagery at the south and southeast 
portion of the site. It appears that these channels were eliminated when the Marshland Canal was 
constructed (Anchor Environmental and ICF Jones and Stokes 2008).  
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Figure 5-6-1.  Historic Map (T-Sheet) and River History Project Data  

Modifications to Snohomish River Dike and Lowell-Snohomish River Road 

The proposed restoration would remove most of the Snohomish River dike within the site and relocate a 
2.4-mile section of Lowell-Snohomish River Road onto a new setback dike. The relocated road and dike 
would be aligned parallel with and adjacent to the northeast side of the BNSF railroad. Two new road 
bridges will be constructed through the new road/dike, parallel to existing BNSF bridges, to cross 
Hardscrabble Slough/restored west distributary channel and the Marshland Canal/restored east 
distributary channel (Road Bridges A and B, respectively). The road relocation will be designed to 
maintain existing railway and road surface grades. The road and dike grades are adequate to protect these 
facilities from normal tidal and stream flows. However, the road and dike are not raised because dike-top 
elevations are set across the estuary by the Marshland Flood Control District to allow for controlled 
overtopping during 5-year and greater flood events. The railroad has several trestle sections that convey 
flood flows due to the railroad higher track elevation.   

Dike removal is proposed down to adjacent marsh plain elevations in most cases. However, due to the low 
topography in the area east of the BNSF railroad, the dike removal soils from this portion of the site would 
be used opportunistically to raise grades outside of distributary channels. These raised areas would target 
marsh plain elevations found in nearby reference sites in undiked areas bordering the Snohomish River.  

The western portion of the Lowell-Snohomish River Road is located within the City of Everett and has a 
functional classification of Local Access “B” per the Marshland Subarea Plan. The standard roadway 
section for this classification is 32 feet wide between face of curbs and includes sidewalk. Total width 
measured to back of sidewalk is 42 feet. The design and posted speed is 30 mph. The new roadway 
alignment will be designed to meet the full standard for this classification; no deviations are proposed 
other than accommodating a trail route.  

The minimum roadway elevation along the new alignment will match existing road and dike grades, 
except at roadway bridges where the elevation will be increased to 23 feet (NAVD88). The increased 
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elevation is intended to address the higher elevations at the adjacent BNSF railroad bridges. The new road 
embankment will be considered a setback dike; it will keep the road above tidal levels but will overtop at 
5-year flood levels.  

Refer to the exhibits in Annex 1 for a complete depiction of restoration elements and the quantities and 
dimensions used in cost estimation. See Section 5-7 for a detailed discussion of roadway and railroad 
bridges.   

Modifications to Utility Infrastructure 

The existing Marshland Pump Station would be removed and relocated to the south end of the site, 
truncating the Marshland Canal at the site of the new pump station (Figure 5-6-1). The existing pump 
station would be used for dewatering during construction after the new pump station to the south is 
constructed and operational. A new pump station discharge channel would be excavated connecting the 
canal to the Snohomish River at the south end of the site. The channel would be enclosed by two parallel 
dikes and conveyed under the Snohomish River dike and railroad berm via a 10-foot-diameter culvert.   

Substantial modifications to areas with utility infrastructure (PSE and BPA electrical transmission lines 
and petroleum pipelines) will be addressed by providing dikes for access and flood protection. The BPA 
transmission lines located entirely on the west side of the BNSF railroad will have a continuous 
maintenance access road and dike. The PSE transmission lines are located on the east and west sides of 
the BNSF railroad. On the west side of the railroad, the powerlines will have a continuous maintenance 
access road and dike. On the east side of the railroad, the PSE transmission towers are protected with 
raised islands, but the areas beneath the transmission lines would only be accessible by boat during daily 
high tides or flood conditions. Dikes under the PSE and BPA transmission lines will be set at elevations 
from 14 to 16 feet (NAVD 88) to allow for conveyance of floodwaters over the dikes. Therefore, these dike 
access roads will provide maintenance access in all normal tidal conditions, but not during floods. See 
Section 5-6.3 for additional discussion of utilities. 

Tidal Marsh Restoration 

To allow tidal flow across the site, several actions are required. First, the Marshland Pump Station will be 
relocated to the south end of the site. Pumped discharge from the Marshland Canal will be shunted to the 
Snohomish River via a diked channel and culvert also at the south end of the site.  At the north end of the 
site, removal of the pump station will be accompanied by an expanded dike breach to facilitate drainage of 
the roughly 876 acres of restored tidal marsh. In addition, existing drainage channels will be filled in, and 
new sinuous tidal channels will be constructed to convey tidal flow through the restored tidal marsh.  Two 
primary distributary tidal channels, on the east and west sides of the restored marsh, will run north/south 
for most of the length of the site and connect to a single channel at the north end of the site, connecting to 
the Snohomish River.  The west primary distributary tidal channel is proposed to convey tidal flows and 
reconnect Hardscrabble Slough, Wood Creek, and the five other streams draining the hillside west of the 
site to the Snohomish River. The eastern primary distributary tidal channel will follow low terrain and 
convey tidal flows and groundwater. This eastern channel crosses the existing Marshland in several 
locations.  The two primary channels would include starter channels to support formation of a 
dendritic/blind channel network.  

As described previously, two new road bridges (Road Bridges A and B) on the relocated Lowell-
Snohomish River Road and two modified rail bridges (Rail Bridges 2 and 3) on the existing BNSF railroad 
would convey tidal flows and fresh water from creeks in the two primary distributary channels. Four 
culverts would be installed under the two new utility access dikes for the PSE and BPA transmission lines 
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at these two primary distributary channels. Providing these sinuous channels and culvert crossings will 
facilitate conveyance of daily tidal flow, creek flows, groundwater, and flood flows across the restored tidal 
marsh.   

The Applied Geomorphology Guidelines and Hierarchy of Openings (Annex A) were used at the existing 
Marshland Canal outlet to size the required breach opening cross section area, top width, and depth below 
MHHW. This relationship used the projected marsh area of 876 acres (below MHHW) that would be 
tidally inundated after the dike is breached. The current plan calls for a breach width of 450 feet with a 
depth below MHHW of 14 feet and a total cross sectional area of about 3,800 square feet. Since the 
topography transitions down in the marsh area to the lower marsh elevations, the required cross section 
area was then applied as the minimum area of the combined marsh channel and marsh plain below 
MHHW elevation to determine the minimum cross section upstream of the breach opening. See Section 
5.2.1.9 for more discussion on the sizing of the dike breach in this location.   

Remove and Remediate Hazardous and Toxic Materials 

The restoration would affect two areas where potential contamination exists, or where dike removal and 
setback may expose soils to tidal hydrology: a former landfill and a former creosote plant. Both areas are 
located at the northwest portion of the site east of the BNSF railroad (Figure 5-6-2). While the former 
creosote plant site is currently exposed to tidal hydrology, the former landfill is not. The remedy is 
expected be overseen by Ecology and based on a remedial investigation and feasibility study conforming 
to the Model Toxics Control Act. Other past and present land uses and facilities may pose risks for 
hazardous and toxic materials as well.  Section 5-9 provides additional detail regarding hazardous and 
toxic materials. 

5‐6.2 Constructability	

Multiple trackhoe excavators and bulldozers (low-ground-pressure type) and other equipment will be 
used to complete marsh distributary channel excavations, construct dikes, locally place/remove excavated 
materials for temporary stockpiles, and fill existing marsh channels from stockpiles. In addition, other 
conventional excavation equipment would be used for existing road removal and dike lowering. Loaders, 
dump trucks, soil compaction equipment, dewatering wells, pumps, piping, and construction water 
quality treatment devices will also be needed to prepare the site for excavation and move significant 
amounts of earth. See Section 5-10 for construction procedures and a water control plan. 

Controlled placement and compaction of suitable embankment fill materials will be needed for dike 
construction and fill of agricultural channels. Overexcavation is assumed to be needed at the base of 
constructed dikes and roadway embankments to clear and grub vegetation and remove unsuitable 
subgrade soils prior to placing embankment fill. Dependent on the findings of geotechnical investigations 
conducted during PED, pre-load of the dike and roadway embankment areas may be required for up to a 
1-year period to allow for larger, short-term embankment settlement.  

See Section 5-10 for additional information on construction procedures and Section 5-20 for the 
anticipated schedule for construction.  

5‐6.3 Real	Estate	

Real estate assumptions, valuations, and planning documents have been appropriately scaled for the 
current level of design. As additional surveys, modeling, and design are completed during PED, the real 
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estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, Appendix F, Real Estate Plan. 

5‐6.3.1 Relocations		

The Everett Marshland area serves as a major utility corridor for the BPA and PSE transmission lines, BP 
petroleum pipelines, and City of Everett water supply pipelines. The BPA and PSE transmission lines are 
major components of the regional power grid.  Utility relocations are proposed for these lines to 
accommodate potentially wet area conditions below the poles. Additionally these utilities will be protected 
in place through construction of a series of maintenance access embankments  and in limited cases tower 
“islands” for PSE transmission line towers west of the BNSF railroad. As the design proceeds, 
coordination with these providers will be needed for approval and access to their facilities. 

Petroleum pipelines (16-inch and 20-inch-diameter mains) owned by BP-Olympic are located within the 
southeastern corner of the Everett Marshland area. The restoration would not result in direct impacts to 
these lines. A setback dike is proposed to provide access to these pipelines; the alignment of the new dike 
should be optimized to provide for maximum ecological restoration acreage and to avoid incurring 
settlement of the lines. 

Water supply mainlines to the city of Everett are located south of Lowell-Snohomish River Road, west of 
the Marshland Pump Station. These water supply pipelines are large and constitute a major source of 
water to Everett. Changes affecting these water supply mainlines are likely to be a significant issue for the 
City of Everett, especially if they need to be relocated.   

Local electrical power overhead lines (Snohomish County PUD) are located within the Lowell-Snohomish 
River Road prism. All of the utilities in Lowell-Snohomish River Road will need to be relocated. There is 
also a proposal to extend a trunk sewer line along Lowell-Snohomish River Road (Cunningham, 2010). 
Lowell-Larimer Road, which bounds the western limits of the site, serves as the utility corridor for local 
electrical utility (Snohomish PUD), water distribution, and sanitary sewer. There will be no impacts to 
this infrastructure in Lowell-Larimer Road. 

Additional utilities not identified during conceptual design may be present in the area. A utility survey will 
be completed during PED. The known utility relocations are summarized in Table 5-6-2. 

Table 5-6-2. Facility/Utility Relocations 

Facility / Utility Impacts Subsequent Design 

Marshland Pump 
Station and flood 
relief gates  

Water quality, adjacent 
property protection, diked 
farmland drainage  

Relocate pump station and outlet 
conveyance from the north end to 
the south end of the restoration site. 
Design and relocation will be 
analyzed during PED. 

Sanitary sewer septic  
systems 

Unknown Septic systems will be analyzed 
during PED. See Section 5-2. 

Local overhead 
power lines 

Relocate overhead power 
within the Lowell-
Snohomish River road prism 

Coordinate with utility owner 
(Snohomish County PUD) on design 
effort during PED. 
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Facility / Utility Impacts Subsequent Design 

City of Everett water 
supply mainlines (2 
parallel lines) 

Major source of water to the 
City of Everett 

Coordinate with utility owner (City 
of Everett) on design effort during 
PED. 

Local water supply 
lines 

Relocate water within the 
Lowell-Snohomish River 
road prism 

Coordinate with utility owner (City 
of Everett) on design effort during 
PED. 

Local sewer supply 
lines 

Relocate sewer within the 
Lowell-Snohomish River 
road prism 

There are plans to extend a trunk 
sewer along the Lowell-Snohomish 
River Road. Coordinate with utility 
owner on design effort during PED. 

Existing culverts and 
drainage facilities 

Unknown Culverts and other existing drainage 
features will be analyzed during 
PED. Analysis should include 
maintaining vehicle access to these 
facilities. 

PSE and BPA 
transmission lines 

Optimize design of 
maintenance embankments 
to avoid incurring 
consolidation settlement at 
PSE and BPA transmission 
lines. Coordinate with utility 
owner for design and 
replacement for wet area 
poles. 

Protect with setback dike under 
transmission lines for maintenance. 
Coordinate with utility owner on 
design effort and phasing of dike 
construction work and pole 
replacement during PED. 

16-inch and 20-inch 
diameter petroleum 
pipelines 

Optimize embankment 
alignment to avoid incurring 
consolidation settlement at 
BP Gas line adjacent to 
proposed embankments 

Protect with new full height setback 
dike for maintenance access. 
Coordinate with utility owner on 
design effort and phasing of dike 
construction during PED. 

Water wells Unknown Need for decommissioning analyzed 
during PED. 

Septic systems Unknown Need for decommissioning analyzed 
during PED. 

5‐7 STRUCTURAL	REQUIREMENTS	
This section discusses the structural elements of the proposed restoration including preliminary design 
requirements and criteria for bridges or roads, a description of major structures and construction 
considerations, and recommended analyses. 

5‐7.1 Functional	design	requirements	and	technical	design	criteria		

Structural improvements related to roads and railroads will involve replacing a portion of one railroad 
bridge (Rail Bridge #2), replacing or strengthening a portion of a railroad bridge (Rail Bridge #3), and 
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building two new road bridges (A and B). The work is summarized below and shown on exhibits provided 
in Annex 1. Note that Bridge #1 remains as is and is preserved in place. 

1. Rail Bridge #2:  Replace a 50-foot length of the existing railroad trestle bridge and where the new 
Road Bridge A on the new setback dyke is to be constructed. 

2. Rail Bridge #3:  Replace or widen 850 feet of the existing 1,750-foot-long railroad bridge where 
the new   Road Bridge B on the new setback dyke is to be constructed. The remaining 900 feet of 
the existing railroad bridge will be preserved in place by the new setback dike. 

3. Road Bridge A: Construct a 295-foot-long bridge as a drainage opening in a new setback dyke that 
is the base for the new road. This bridge will be constructed adjacent to the replaced portions of 
Rail Bridge 2. Note that the reason for the new roadway bridge being 295 foot while the replaced 
portion of the railroad bridge A in the same location is only 50 foot is because the 295 foot 
opening is to accommodate high flow conditions. The railroad bridge is trestled and will be able to 
accommodate that rare event. 

4. Road Bridge B:  Construct an 850-foot-long roadway bridge to provide additional drainage 
opening in a new setback dyke that is the base for the new road. This bridge will be constructed 
adjacent to the replaced portions of Rail Bridge 3. 

Important criteria for either a road bridge or railroad bridge are that it provides a simple and repetitive 
structural concept facilitating a healthy bidding climate, meets the goals stated below, and is considered, 
within industry standards, to be a cost-effective solution. 

The current AASHTO Seismic Design guide specifications are intended for conventional bridges designed 
for the life safety performance objective considering a seismic hazard corresponding to a seven percent 
probability of exceedance in 75 years. This implies that a bridge, when following these specifications, has a 
low probability of collapse in a 1000-year event but may suffer significant damage and that significant 
disruption to service is possible. Partial or complete replacement of the bridge may be required.  A higher 
level of seismic performance may be selected by a bridge owner who wishes to have immediate service and 
minimal damage following a rare earthquake. Seismic engineering analysis and design costs as well as 
construction costs should be expected to increase as the post earthquake performance objectives are 
increased.  

Whether a bridge is considered “regular” or “not-regular” is a function of its physical characteristics.  A 
regular bridge is a bridge that has fewer than seven spans, no abrupt changes in weight, stiffness, or 
geometry. Regardless of its regularity, a bridge shall be designed with earthquake resisting systems (ERS) 
corresponding to the requirements of a Seismic Design Category (SDC) of C or D (typical for the Puget 
Sound region).  As such, the regularity was not assumed to impact construction costs directly for this level 
of design. Determination of the Seismic Design Category, SDC, is based on the parameters identified in 
Section 5-7.9.  A category of D would result in more complex analysis and detailing requirements.  This 
suggests an increase in both the design and construction costs associated with the foundations, columns, 
and connectivity between these structural components. 

The key design requirements for the road bridges are to identify a cost-effective, constructible bridge 
structure that will support two lanes of traffic, provide for prescribed horizontal and vertical hydraulic 
openings, require minimal capital to maintain, meet the AASHTO Bridge and Geometric design 
specifications and WSDOT Bridge Design Manual specifications, and have a design life of no less than 75 
years. 

The key design requirements for the railroad bridges are to identify a cost-effective, constructible bridge 
structure that will support two railroad tracks, provide for prescribed horizontal and vertical hydraulic 
openings, and meet the AREMA design specifications.   
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Design Criteria for Railroad Bridge Construction 

Railroad bridge construction must not interfere with railroad operations. Closure of the tracks is usually 
not an option unless approved by the owner of the railroad. 

To abide by the non-interference criteria for the trains, two fundamental options are available: 

1. Keep the trains on the existing alignment throughout construction. This will require 
systematically removing the old structure and installing the new structure piecemeal during short 
construction windows over each 24-hour period when trains are not running, or if the trains are 
running, during sufficient time intervals that a realistic amount of work can be performed. There 
is a realistic chance that this approach will require some rail traffic delays. However, the delays 
and their effects can be minimized by closely working with the railroad companies and finding an 
agreeable minimum closure period, if possible, which may result in some minor delays.  

2. It is also reasonable to anticipate that the railroad company may not be able to tolerate any 
delays, and thus a shoofly is the only option they will consider. Build a shoofly (temporary 
railroad structure on a temporary alignment) which supports railroad traffic while the existing 
bridge is removed and replaced. Once the new bridge is built the trains return to their original 
alignment and the shoofly is taken down. For this site, it may be feasible, and cost effective, to use 
the new setback dike as a shoofly structure before the old dike and roadway are removed. 

Neither of the above two options was quantitatively analyzed during this study; however, Option 1  
appears to be a more viable approach for this site.  

The cost and feasibility of railroad bridges can often be adequately developed using standardized BNSF 
structural systems. Using a similar approach, this study proposes a bridge using approximately 32 spans, 
each span 26 feet long. The primary structural component between piers consists of two 7-foot-wide, 30-
inch-deep, pre-stressed box girders.  

This structural system provides for ballast supported on a concrete deck, a single railroad track, and space 
for a maintenance person and a safety handrail fence on both sides of the track. Supporting the 
superstructure girders, ballast, rail, and trains is a 2.7-foot by 3.0-foot concrete cap beam (cast in place or 
pre-cast). Each cap beam is supported by two concrete columns (approximately 5-foot diameter). Each 
column is supported by a shaft (exterior diameter of 7 feet). Shafts are recommended to remain consistent 
with the roadway bridges. In addition, compared to smaller piles, shafts provide a superior transverse 
capacity, when very deep supports are necessary, to resist the lateral structural displacements and 
motions due to earthquakes. 

Railroad bridges are single track. Assuming a single railroad line, the entire structure is 16.5 feet wide.  
The roadway bridges were set with a top elevation of 23 feet due to the higher elevation of the railroad 
bridges. The elevations are designed to match the railroad and road bottom elevations that have equal 
clearance from flood flows.   

Design Criteria for Road Bridges 

 The road bridges will be constructed of concrete shaft foundations, concrete piers, pre-stressed concrete 
girders, and a concrete deck. Concrete is important because a high-quality, dense mix design should 
remain functional throughout the life of the bridge with minimal maintenance. 

Pre-stressed concrete girders consist of a very high-quality concrete; they are the most common type of 
girder used in Washington because of superior local fabrication skills and the availability of high-quality 
local aggregate. Pre-stressed concrete girders are lower-maintenance structures than their steel 
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counterparts and are competitively priced with steel girders. The economy in structural design can be 
achieved by designing around the standard girders from the Bridge Design Manual Span Capability Sheets 
as long as the selected standard design meets the geometrical requirements of the particular bridge. Deep 
shafts are used in liquefiable soils which are commonly found in the flat tidal zones of the Puget Sound 
region. The design objective is to extend the foundation shafts through the liquefiable soils and anchor 
them deep into the underlying glacial soils to provide the necessary lateral support for the structure 
during a seismic event. For this study, shafts are assumed to be used for both road and railroad bridges. 
Additional design details are as follows: 

Travel lanes are 12 feet wide. Where sidewalks are proposed, they will be 5 feet in width. Recommended 
shoulder width is 4 feet for each shoulder.    

The structural design will conform to the most current edition of the standards listed in Table 5-7-1. 

Table 5-7-1. Structural Requirements 

Item Description 

Design Specifications 

 
WSDOT Bridge Design Manual, current edition 

AASHTO LRFD Seismic Bridge Design, current edition  
AASHTO LRFD Bridge Design Specifications, current 
edition  
AREMA Manual for Railroad Engineering 

Load Criteria 

 
Live Load:  HL-93 (HS-20 Truck + 0.64k/ft lane), 1.3 
Impact Factor 

Load Combinations:  Per Table 3.4.1-1 LRFD (Load 
Combinations and Load Factors) 

Trains:  Cooper E80 Loading with a trailing uniform 
load of 8 kips per ft of linear.  Also Check with an 
alternative 100k 4 axle loads. 
Pedestrian (if required):  75 psf 
Dead:  Concrete = 0.16 K/cu ft, Steel 0.49 k/cu ft. 

5‐7.2 Survey,	hydrologic,	hydraulic,	and	geotechnical	data	used		

The data available when the conceptual plan was developed included LiDAR survey and probable water 
surface elevations. For further information, see Section 5-3.   

No geotechnical data were available at the time of the conceptual design. Both geotechnical and structural 
investigations will be required to facilitate the development of the restoration design. Numerous borings 
will be required at each bridge location to facilitate the development of an accurate cross section of the 
geology below the bridge. Typically, the borings should extend to about 150 feet below ground. The basis 
of selecting foundation types during the concept design phase was based on professional judgment 
considering typical soil characteristics for nearshore environments of Puget Sound. Geotechnical 
investigations will be required for completion of PED; see Section 5-4.3.   

5‐7.3 Site	selection	studies	

The site selection is summarized in Section 5-6. 
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5‐7.4 Major	structures	

The key technical basis for the bridge type is to arrive at a cost-effective structure that provides a 
hydraulic opening meeting the restoration goals, sufficient geometrical and structural capacity to safely 
meet the traffic demands, and sufficient capacity to meet seismic demands. Hydraulic openings are 
affected by bridge length and distance between piers. Bridge superstructure depth is affected by span 
length. 

The process during the conceptual design was to arrive at a structural system that can be repeated with 
only minor modifications as needed from site to site. The basis of design at the conceptual phase 
established the following parameters: 

Span Length: In general, span length is highly influenced by the hydraulic goals. Other factors that can 
affect the span length are presence of  good soils for foundations, the need to minimize number of piers in 
the waterway, achieving sufficient space at the banks to gain inspection access below the bridge, and the 
100-year flood water elevation. The major structures are summarized as follows: 

1. Rail Bridge 2:  This is a 50-linear-foot bridge composed of two 26-foot spans. This span length 
requires only a single intermediate pier. It will be constructed as a partial replacement for an 
existing 290-foot trestle. It will be constructed of pre-stressed concrete components. 

2. Rail Bridge 3: This will replace 850 linear feet of the existing railroad trestle. This length opening 
meets the hydraulic drainage requirements of the new marshland area beyond the new setback 
dike toward the Snohomish River. It is anticipated that this bridge will be replaced on-line 
without the use of a shoofly and will have thirty-two 26-foot spans with an abutment at each end. 
The south abutment will also serve as part of the utility access dike running southwest associated 
with the PSE transmission line. Access to this dike from the relocated Lowell Snohomish Road 
will be to investigated with PSE during the PED.  The abutment will be constructed of pre-
stressed concrete components. 

3. Road Bridge A: This 295-linear-foot new bridge will be aligned with the new dike adjacent to Rail 
Bridge 2. The opening is sufficient for the hydraulic requirements to provide tidal exchange and 
flood conveyance between the west and east portions of the project site. The bridge will be 
composed of three 98.3-foot spans constructed of pre-stressed concrete components. 

4. Road Bridge B: This 850-linear-foot bridge will be a new bridge aligned with the new dike 
adjacent to Rail Bridge 3. The opening is sufficient for the hydraulic requirements to provide tidal 
exchange and flood conveyance between the west and east portions of the site. The bridge will 
consist of seven 120- foot spans constructed of pre-stressed concrete components. 

The spans described above will support restoration of natural processes at the Everett Marshland tidal 
wetlands. Longer and more costly bridges would not provide additional benefit for this site. Roadway 
Bridge Type: The bridge type recommended for roadways at this site is described as a pre-cast concrete 
girder bridge. The girders are supported by cap beams which are supported by the concrete piers.  
Conceptual design for roadway bridges at this site assumes continuity of girders over the supporting cap 
beams. Continuity takes better advantage of the structural capacity of the girders, resulting in shallower 
structure. A continuous deck precludes storm water leakage at the piers.  The bridge deck and girders will 
have expansion capabilities at their abutments. 

The girders will be constructed of pre-cast and pre-stressed concrete, fabricated offsite and shipped by 
truck to the site for installation. Standard WSDOT pre-cast concrete girders are an efficient and 
economical components to the bridge type proposed for this site.  
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Railroad bridge Type: The railroad bridge will be constructed of driven piles, bents, cap beam, ties and 
girders.   

Depth of Structure: Railroad bridges will have a total depth of 4 feet 2 inches. The girder supporting the 
trains will be 2.5 feet deep. The anticipated girder is a pre-stressed 7-foot-wide box section. 

Roadway bridges will have a depth of 5 feet 2 inches. The anticipated girder is a standard pre-stressed 
WSDOT WF50 girder. 

Alignment Considerations: The completed new railroad bridge replacement alignment will match the 
alignment of the existing bridge. The new road bridges will be built on an entirely new alignment which 
follows the alignment of the new dike. 

5‐7.5 Describe	evaluation	and	selection	of	substructure	alternatives	based	on	
economy	and	performance	

Given that these bridges are located in a wetland environment, the most likely foundation type is a deep 
foundation. The geotechnical engineer will make the final recommendations based on data obtained from 
the onsite boring logs and the structural engineer.   

The soils are likely to experience liquefaction during an earthquake. As such, the foundation will have to 
extend downward through the soft materials to stiff glacial soils for a solid fixed embedment. 

The cost comparison between types of deep foundations (piles versus shafts) does not always result in a 
clear cost advantage for either foundation type. Many factors come into play such as availability of 
equipment to a contractor, a contractor's preferred method, the depth of the footing and the ease of 
access, construction schedule, and depth of foundation. In general, cost is not a determining factor for 
deep foundation type. Forces, displacement, and geological conditions will determine which system is 
best. 

5‐7.6 Construction	considerations	

The proposed staging of the railroad bridge construction must be approved by BNSF at the concept, 
development, and final plan milestones. BNSF will require a flagger to be present onsite every day of the 
construction period. The final decision on the shoofly will be made by BNSF. The flagger will coordinate 
the train schedule with the contractor daily to minimize any potential interference with the trains. 

Roadway traffic will be maintained with minimal impacts during construction of the new bridges. This is 
because the new dike and roadway will be built first. It is possible the new dike may be used as a 
temporary shoofly for the railroad bridge replacements before becoming available as the new support for 
the roadway. If this occurs, the bridges would have to be designed for trains as well as trucks. Impacts 
would be related to the issues of construction equipment coming and going to the site. Sediment control 
devices will need to be designed and installed to manage the sediment runoff during construction. 

Following construction of the new dike and roadway, traffic will be relocated to it, and the existing dike 
will be completely removed. 
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There may be some difficulty delivering the girders to the site due to their length and weight. This issue is 
generally handled during the fabricating stage where different routes are explored and a determination is 
made about whether modifications to the girders are necessary. 

At this time, work is anticipated to require land-based driving rigs or large augers to dig the shaft holes. 
Other equipment may include excavators, cranes, concrete trucks, and dump trucks. However, placing 
foundations is always a challenge and may require temporary fill areas to facilitate the heavy cranes. On 
the railroad bridge, it may be possible to have the foundation work done with the pile-driving rig on the 
new structure following in step with the erection of the new bridge span by span, or bent by bent. 

5‐7.7 Stability	analyses	

Bridge stability is a fundamental component in the design process and depends on boundary conditions. 
In general, the bridges are made stable by fixity in the soil structure relationship, fixity between the cap 
beams and the foundation elements, and designing/detailing for various unbalanced loads. Longitudinally 
the bridge superstructure is held in position and restrained during earthquakes by positive connectivity to 
each intermediate pier, either “pinned” or “fixed.” The bridge superstructure, however, is allowed to 
expand at each abutment. Unless it is a single-span bridge, the abutments are not part of the earthquake 
restraining system. Transversely the bridge is tied together along its length, fixed or pinned to each pier, 
and designed to transfer all transverse loads directly to the foundation. 

5‐7.8 Stress	analyses	

Stress analyses are a fundamental component in the design process, serving as the basis of how all 
structural elements are selected, sized, and reinforced. Road bridge design will be in accordance with 
governing standards of the WSDOT Bridge Design Manual and the AASHTO LRFD Manual. 

The AREMA manual will be used for the railroad bridges. 

5‐7.9 Seismic	analyses	

This site is located in an active seismic zone. The bridges will be designed for a seismic event with a 7% 
probability of exceedance in 75 years (approximately a 1,000-year return period). All seismic analysis will 
be performed in compliance with the WSDOT requirements and the AASHTO LRFD Seismic Design 
Specifications. Seismic ground motion will be established by the geotechnical engineer(s). See section 5-
4.1.7. 

The AREMA manuals will be used for the seismic analysis and design specifications for the railroad 
bridges. 

5‐7.10 Thermal	stress	analyses	

Thermal analysis is a fundamental component of the design process and will be considered per the 
AASHTO LRFD design specifications. In general, thermal stresses are handled by providing expansion 
joints in strategic locations to permit a bridge to expand and contract without a large buildup of stresses 
or movement. AREMA manuals will be used for the railroad bridges. The roadway bridges will be allowed 
to move longitudinally at each abutment but will be restrained from moving at each pier. 



 

Engineering Appendix  Section 5 
Everett Marshland   Page 47 

5‐7.11 Other	analyses	

The conceptual design has been based on traffic requirements, hydraulic analyses, loading requirements 
of structures, and constructability considerations. 

5‐7.12 Additional	studies,	tests,	analyses	

The information needed to design a bridge is generally captured in the following studies, tests, and 
analyses:  

 Boundary and Topographic Survey 

 Geotechnical Investigation and Report 

 Hydraulic and Scour Analysis 

Additional investigation and studies may be needed for permitting or other site requirements unrelated to 
the infrastructure. See Section 5-21 for a complete list of recommended additional studies and 
investigations. 

5‐8 ELECTRICAL	AND	MECHANICAL	REQUIREMENTS	
Electrical and mechanical analysis will be required during PED for the design of the Marshland Pump 
Station relocation and demolition.  

Construction of the new Marshland Pump Station at the south end of the site will need to occur before the 
existing pump station can be removed. During construction of the new pump station, Marshland Canal 
flows will continue to be bypassed to the existing pump station for discharge to the river. Once the new 
pump station is operational, flows can be diverted through the created channel (constructed by building 
dikes on both sides), to the new Snohomish River outfall culvert under the BNSF railroad and Lowell-
Snohomish River Road. Once that flow diversion is completed, the marsh construction can proceed, 
continuing to use the existing pump station for construction dewatering. After that work is complete, the 
existing pump station can be removed, and the new Lowell-Snohomish River Road bridge crossings can 
be opened for reestablishment of the tidal marsh prism exchange.  

In order to convey pumped drainage from the Marshland Canal south of the site to the Snohomish River, 
several improvements are needed. First is relocation of the Marshland Pump Station at the south end of 
the site. This pump station will be updated to not only provide all drainage requirements for the large area 
to the south, but also to meet current fish passage requirements. At the outlet of the relocated pump 
station, a proposed channel would convey pumped drainage to the Snohomish River. The Marshland 
Pump Station drains a very large area of diked farmland that did not historically drain through the site. As 
a consequence,there are concerns with water quality in the Marshland Canal which collects the 
agricultural runoff and delivers directly to the river. Reducing the length of the Marshland Canal and 
replacing it with tidal marsh in the action area will improve water quality by increasing nutrient uptake by 
marsh vegetation and promoting groundwater infiltration of runoff. For this reason directing the 
relocated pump station discharge directly to the Snohomish River was deemed preferable during the 
conceptual design phase.  
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5‐9 HAZARDOUS	AND	TOXIC	MATERIALS	
Civil work projects characterize HTRW according to ER 1165-2-132. It defines HTRW as “HTRW includes any 
material listed as a "hazardous substance" under the Comprehensive Environmental Response, Compensation and 
Liability Act, 42 U.S.C. 9601 et seq (CERCLA). (See 42 U.S.C. 9601(14). If a contamination at a site is the result 
an uncontrolled release it meets the definition of HTRW. If the material is used for its intended purpose (application 
of pesticides IAW labeled directions) or released via a permitted structure (stormwater pipe), the contaminant would 
not be considered HTRW material.   

An Environmental Site Assessment Level I survey was completed by the project sponsor on 14 
Feb 2011. The Phase I site visit did not include all areas of the 1,065 acre property. Historic uses 
that might indicate potential for hazardous substances to be present or other environmental 
problems include a former suspected landfill and a former creosote plant. It is unknown at this 
time what materials may have been placed in the suspected landfill and the boundaries of both 
the suspected landfill and creosote plant. The former suspected landfill and the former creosote 
plant areas were not visited during the Phase I site visit. The Phase I survey noted the potential 
presence of several household, farm, and/or industrial debris locations but they were not 
accessed during the site visit. The site historically was used for agricultural, timber harvesting, 
and grazing livestock.  

A review of the Washington Department of Ecology Facility/Site(provides information on facilities and 
sites of environmental interest see figure below) and EPA EnviroFacts database was accessed on 30 
April 2014. A facility which has been given a site ID may be associated with a permitted generator, 
stormwater discharge permit, or storage facility etc. ID numbers are not necessarily limited to those sites 
where a release occurred. If a release occurred and is under investigation, there is a possibility that the 
facility may be further investigated and then listed on the Confirmed and Suspected Contaminated site list 
or the Hazardous Sites list. 

The Ecology list four sites within the project boundaries: 7 Eleven Food Store (FS ID 71623673) for a 
leaking underground storage tank (location may be incorrectly mapped), Spane Dairy (FS ID 8427169), 
Marshland Flood Control District Flood Gate (FS ID 7188654) a state cleanup site and groundwater 
impacts (start date Feb 7, 2005  and end date Sept 26, 2005 – electric transformers), , and Simpson Pad 
(FS ID 3423035) voluntary cleanup site – sawmill No Further Action April 24, 2008.  

Properties adjacent to the project include: the Rotary Park (FS ID 2852) a state cleanup site – wood 
preserving and groundwater impacts (start date May 26, 1994 and currently open and awaiting cleanup), 
CBI Services (5500 S First Ave) with a leaking underground storage tank (start date Oct 6, 1994 end date 
June 28, 2002), and Simpson Paper Co Pulp Plant (FS ID 2718) a state cleanup site for lumber and wood 
products (cleanup started April 21, 2008). Additional document searches may be conducted during PED 
to clarify the boundaries of contaminant extent for the Rotary Park site. The Rotary Park and Simpson 
Paper Co Pulp Plant are on the Ecology Confirmed and Suspected Contaminated Site List for 
Snohomish County (lists sites that are undergoing cleanup or awaiting further investigation) and 
only the Rotary Park site is on the Hazardous Sites List (lists sites that have been assessed and 
ranked - updated Feb 26, 2014).   

The City of Everett has published a DEIS (2007), FEIS (2008) and addendums to those documents (latest 
was Jan 2, 2014) on the proposed redevelopment of the Simpson Paper Co Pulp Plant site (now called 
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Riverfront Redevelopment). The new development will be for mixed uses including residential. No 
additional information on the sites is available on the web page. 

 

5‐10 CONSTRUCTION	PROCEDURES	AND	WATER	CONTROL	
PLAN	

The proposed restoration will involve earthwork and exposure of bare ground during dike removal and 
replacement, road relocation, roadway and railroad bridge construction, pump station removal, tidal 
hydrology restoration, new setback dike construction, and filling of existing drainage ditches.  At this 
stage of design, it is assumed that standard best management practices will be implemented to control 
erosion and sedimentation and ensure construction areas are stabilized as needed to prevent adverse 
impacts. A standard temporary erosion and sediment control plan will be developed during PED.  

The proposed restoration will also involve in-water work during construction of new roadways bridges, 
pump station removal and replacement, restoration of Wood Creek and other small streams, and tidal 
hydrology restoration.  In-water work will be minimized by excavating channels and performing bridge 
construction prior to removal of Lowell Snohomish Road.  Specific measures of the in-water workplan will 
be determined during PED. 

Specific measures for construction procedures and water control will vary depending on the location and 
nature of the work associated with each site. State and federal resource agencies will impose specific 
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timing restrictions on in-water work to protect fish and wildlife. In addition, specific measures may be 
required under site-specific permit requirements and to protect downstream infrastructure or built 
environments.  The erosion and water quality control plan will also need to consider and incorporate the 
findings of future analyses for hazardous and toxic materials at the site (as described in Section 5-9).  A 
complete description of best management practices will be determined during PED. 

5‐11 INITIAL	RESERVOIR	FILLING	AND	SURVEILLANCE	PLAN	
The proposal is for ecosystem restoration. (Not applicable.) 

5‐12 FLOOD	EMERGENCY	PLANS	FOR	AREAS	DOWNSTREAM	OF	
CORPS	DAMS	

The proposal is for ecosystem restoration. (Not applicable.) 

5‐13 ENVIRONMENTAL	OBJECTIVE	AND	REQUIREMENTS	
All necessary information to develop designs, plans, and specifications, and to execute construction and 
operations is included in the supporting documents, including the U.S. Fish and Wildlife Service report 
titled Strategic Restoration Conceptual Design - Preliminary Environmental Contaminant, Cultural 
Resource, and Endangered Species Site Evaluations.. The environmental information developed for the 
analysis in the Environmental Impact Statement provides additional environmental objectives and 
requirements for final site design development. As summarized in Section 5-6, substantial environmental 
information was developed for the Feasibility Study regarding environmental problems, opportunities, 
and constraints such that the USACE could estimate costs of the restoration sites and prepare the Real 
Estate Plan.  

5‐14 RESERVOIR	CLEARING	
The proposal is for ecosystem restoration. (Not applicable.) 

5‐15 OPERATION	AND	MAINTENANCE	(O&M)	
Operations and maintenance costs for the Everett Marshland restoration are related to removing 
segments of an existing dike, constructing a new setback dike, relocating an existing roadway, and 
modifying railroad bridges. It is assumed that the relocated pump station will continue to be operated and 
maintained by the Marshland Flod Control District Overall, an increase in annual O&M costs is expected, 
estimated at $37,790 per year on average over a 50-year period of analysis.  

Maintenance costs for roadways and road bridges were developed based upon information from the 
WSDOT Pavement Policy.  It is assumed that all roadways are constructed with hot-mix asphalt and that 
the maintenance of a particular road will occur as part of a larger effort that includes adjacent road 
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sections. The bridge will be constructed using pre-stressed concrete girders which are commonly used due 
to their low maintenance costs. WSDOT staff indicated that the maintenance costs do not vary greatly by 
bridge length (Wilson, 2011 and Baroga, 2011).  Maintenance activities include the following: 

Roadway asphalt overlay twice during the 50-year period of analysis; 

 Roadway grind and inlay once during the 50-year period of analysis; 
 Road bridge inspection every other year; and 
 Road bridge cleaning at least once per year. 

Maintenance costs for railways and rail bridges were developed based upon a report by contractor URS 
for WSDOT (URS, 2008).  Similar to roadways, an important assumption is that maintenance of the rail 
section would take place as part of a larger maintenance action including adjacent rail.  It is assumed that 
rail bridges would exist in an area where traffic control would be necessary to complete the inspection.  
Common maintenance activities include the following: 

Track maintenance completed annually, including search for internal defects; 

 Rail grinding required four times during the 50-year period of analysis; and 
 Rail bridge inspection is required annually. 

5‐15.1 33CFR	Part	208	projects	

The proposed site is not a flood control project to be maintained and operated according to regulations in 
33 CFR 208. (Not applicable.) 

5‐15.2 Channel	or	basin	clean	out	projects	

No channel or basin cleanout activities are proposed. (Not applicable.) 

5‐15.3 Multiple‐purpose,	complex	projects	with	power	production	

No power production is proposed. (Not applicable.) 

5‐15.4 Frequency	and	cost	of	maintenance	dredging	

No maintenance dredging is proposed. (Not applicable.) 

5‐16 ACCESS	ROADS	
Temporary construction access roads will be needed to maximize the efficiency of earthwork operations, 
import materials, and haul unsuitable materials offsite. It is assumed that construction access will 
generally follow proposed dike and marsh channel creation alignments, but further evaluation will be 
needed in succeeding stages of design.  

Overhead transmission lines (BPA and PSE) and the petroleum pipelines will require permanent access 
roads for maintenance. These roads will be built on new setback dikes. New culverts will be accessed from 
permanent utility access roads and the existing Lowell-Snohomish River Road for maintenance.   
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A staging and stockpile area could be located at the higher elevation land along Lowell-Larimer Road on 
the Spane property. A second potential staging and stockpile area could be located at Rotary Park at the 
northwest portion of the site along Lowell-Snohomish River Road. A suitable location would need to be 
finalized during final design and prior to bidding.  

5‐17 CORROSION	MITIGATION	
Typical design standards use materials that are suitable for a marine environment such as concrete and 
galvanized steel pipe. Corrosion is generally not an issue for buried utilities or overhead power lines. 
However, when metal piping is used in certain environments, such as for a water main, the system may 
need to be evaluated by a licensed cathodic protection specialist. 

5‐18 PROJECT	SECURITY	
The proposal is for ecosystem restoration. (Not applicable.) 

5‐19 COST	ESTIMATES		
The Everett Marshland cost estimate of $328,037,000 (1Q FY2015 dollars) consists of costs to restore a 
tidal area and allow a return to more natural hydrology.  Major features of work include removal of 
existing dikes, pump station relocations, and work on modifying a BNSF rail line to allow greater 
hydraulic action. Other minor work includes plantings, utility relocations, work mitigating for local road 
impacts, and minor site demolition. The largest cost driver is work to relocate the existing pump station.  

Following a formal cost and schedule risks analysis meeting held on July 16, 2012, a contingency of 29% 
was developed. This contingency was revisited in 2014 by NWS Cost Engineering. Primary cost risks came 
from the high uncertainty regarding earthwork quantities.  Minimal amounts of design are available at 
this time and it’s likely there will variability in the amount of earthwork.  The primary schedule risk is 
from levee settlement due to marshy conditions.  The PDT believes that this could potentially increase the 
construction duration by up to a year.  Work on the existing BNSF bridge is high risk as well, and may 
require a different design solution. 

There are a variety of non-cost risks as well.  Current plans do not call for energy dissipation downstream 
of the new pump station.  There is a possibility that this may be necessary, given the new configuration of 
the pump station and channel to the Snohomish River.  This will be evaluated in PED. 

Additionally, the width and depth of the main restored channel are smaller than what are called for using 
geomorphic design principles. This carries the possibility of unfavorable sedimentation or erosion of the 
channel and reduced hydraulic access to interior portions of the site.  The PDT will need to analyze 
potential sedimentation/erosion during PED and formulate a post project monitoring and maintenance 
plan. 

Finally, interior dikes/roadways that provide access to utilities are designed to overtop during high 
frequency flood events and will be prone to weir type flows and erosion potential during draw down.  
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These dikes will need to be designed for these kinds of flows, and a monitoring plan may be needed 
following construction. 

Opportunities for this site for cost are also based on earthwork quantity uncertainty.  There are potential 
cost savings if earthwork quantities go down.  Schedule opportunities are present if the amount of soil 
required to construct levees that are protected against settlement goes down. 

5‐20 SCHEDULE	FOR	DESIGN	AND	CONSTRUCTION	
The proposed restoration at Everett Marshland is considered to be highly complex. Based on the high 
level of complexity, the anticipated design period for the site is 5 to 6 years. This includes preparation of 
final design, plans and specifications, and the construction contract. 

The anticipated construction period is 2 to 3 calendar years. Construction for a site of this scale is 
envisioned to occur over at least two summer construction seasons, and likely three seasons when 
considering the pump station and embankment pre-load requirements. Any in-water construction 
activities will take place during established work windows.  

Construction of the new Marshland Pump Station at the south end of the site will need to occur before the 
existing pump station can be removed. Once the new pump station is operational, flows can be diverted 
through the created channel (constructed by building dikes on both sides) to the new Snohomish River 
outfall culvert. Once that flow diversion is completed, the marsh channel construction and filling in of 
existing drainage channels can proceed, continuing to use the existing pump station for construction 
dewatering. After that work is complete, plus new setback dike, and new road, bridge, and utility 
construction, the existing pump station can be removed, and the new Lowell-Snohomish River Road 
bridge crossings can be opened for reestablishment of the tidal marsh prism exchange. 

Pre-design studies, property acquisition, and permitting timelines are not included in this duration, but 
the time required to complete these upfront activities is expected to be substantial. 

5‐21 SPECIAL	STUDIES	
Table 5-21-1 summarizes recommended studies and additional investigations needed to support 
subsequent stages of design and implementation. Unless otherwise noted, these studies are recommended 
to take place during PED. 

Table 5-21-1. Special Studies Recommended for the Everett Marshland Site 

Type Basic Requirements 

Property 
Investigation/Survey 

 Compile more detailed information on parcel ownership and property 
boundaries to finalize the design, confirm acquisition requirements, 
and support negotiations with property owners. 

Topographic/Bathymetric  Complete a site-specific topographic and bathymetric survey to refine 
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Type Basic Requirements 

Survey design of key elements, develop detailed construction and demolition 
plans, and provide a baseline for pre- and post-construction 
modeling, including hydrodynamic modeling.  

 Install a temporary tide gauge in the early design stages to obtain site-
specific tidal statistics. 

Hydraulic and Hydrologic 
Analysis/Modeling 

 Gather hydrologic data on freshwater flows and tidal levels at this site 
to support hydraulic and sediment studies. Evaluate the hydrology of 
the modified local drainage. 

 Perform tidal circulation, flood, and hydrodynamic modeling to: 
 forecast the new stage-discharge relationships and flood 

inundation boundaries; 
 Evaluate the sizing of channels to ensure adequate tidal 

interaction; 
 optimize culvert sizing and minimum deck/bridge elevations for 

Lowell-Snohomish River Road and BNSF bridges; 
 provide design criteria for proposed roadway and utility 

improvements; 

 and evaluate impacts to infrastructure and adjacent properties 
following restoration;  

 Determine the operations and design requirements for the relocated 
pump station. Design of the relocated pump station may require an 
analysis of the rate of rise and flow duration during various flood 
events.  

 Complete water quality sampling and analysis of water quality  
effects. Investigate the possible impacts to water quality of the former 
landfill and the creosote facility in the northern portion of the site. 

 Review the location and depth of any wells upstream of the site. 
Evaluate the extent to which changes in tidal prism will affect 
groundwater flow in the site and leach fields upstream of the site. 

 Formulate a monitoring plan, including any required field surveys or 
instrumentation that will be used to evaluate the project’s hydraulic 
performance. 

Sedimentation Analysis  Evaluate sediment transport to optimize the channel opening and to 
address concerns about restored tidal marsh evolution and 
sustainability. 

 Address the amount and potential areas of sedimentation resulting 
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Type Basic Requirements 

from the removal of flow restrictions such as dikes and culverts, the 
excavation of channels, the formation of any new distributary 
channels, and the widening of bridge openings.  

 Evaluate the need for bank, bridge pier, and abutment scour 
protection within the site, revetment  and overtopping protection of 
interior dikes and slope protection along the Snohomish River. 

Coastal Engineering Studies   Refine sea level projections using localized tide gauge data. 

 Review and establish the final design tidal datums. 

 Address the effects of wind waves on slope protection. 

Geotechnical Investigation 

 

 Determine the depth and extent of compressible peat deposits in the 
marsh plain.  Use this information to confirm or refine the side slopes 
of the setback dikes, hydraulic structures, and the proposed Lowell-
Snohomish Road realignment, and the type of construction 
equipment that may be used to construct the interior drainage 
channel network. 

 Complete subsurface explorations, testing, and field reconnaissance.  

 Perform a settlement analysis for roadway and railway embankments. 

 Analyze dike design stability, settlement, and seepage. 

 Perform geotechnical studies to inform design of the proposed 
roadway and railway bridges. 

Foundation Design Study  Perform a static and seismic analysis according to AASHTO LRFD for 
vehicle bridges and AREMA for railway bridges. 

Abutment Stability Study  Evaluate the potential for liquefaction and ground improvement. 

Pavement Design Study  Complete a pavement design study for new roadways and approaches 
(include traffic analysis for ESALs). 

Tidal Datum 
Transformation 

 Collect site-specific water level data to allow for better understanding 
of how freshwater flows influence tide levels in this section of the 
Snohomish River. 

Water Mains  Determine maintenance and access for the water mains at the north 
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Type Basic Requirements 

end of the area.  

 Model the potential effects on water mains. 

Fish Passage  Investigate fish passage requirements at the pump station. 

Utility Survey  Compile more detailed information on utilities to finalize the design 
and confirm acquisition requirements. 

Phase II Environmental Site 
Assessment 

 Assess historic fills in the area and conduct soil sampling for 
contaminants. 

Cultural Resources 
Investigation  

 Complete surveys for archaeological and historic resources, 
particularly in areas proposed for excavation.  

Cost Study  Assess potential for cost and schedule reductions during refinement 
of restoration design. 

Environmental Permitting   Complete documentation and applications for environmental permits 
with federal and state agencies. 

5‐22 DATA	MANAGEMENT	
Project documents, background materials, and digital files from the local sponsors were provided to the 
project team directly, through the State’s Habitat Work Schedule, or via the Nearshore Portal.  The project 
team also used databases previously developed by and for the Puget Sound Nearshore Ecosystem 
Restoration Project including the Change Analysis and backing geospatial data (see Section 5-3.1.1 for 
additional detail). 

Work products for the conceptual restoration designs were developed primarily in GIS and typical word 
processor and spreadsheet applications.  GIS products for all sites were collected in a single geodatabase 
that captured spatially referenced locations and sizes of major design elements.   

5‐23 USE	OF	METRIC	SYSTEM	MEASUREMENTS	
This report uses United States customary units for design and construction measurements. To remain 
consistent with work conducted to date, the metric system of measurement was not used.  
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ANNEX	1:	EXHIBITS	

This annex contains a set of site-specific exhibits prepared for the proposed restoration. The exhibits 
include:  

Exhibit A – Conceptual Design Plan 

Exhibit B – Conceptual Design Sections 

Exhibit C – Quantity Estimates 

Exhibit D – Conceptual Road and Bridge Alignments 
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--Primary manaa_ement measures r;Q"uired include r~val gl ap;;;;;. 2"'A ~.-of existing LONeii-Snohomish Rd ldik~-,econstruction of approx. 1.~ mi. of new rep lacement roadWJ! 

parallel to BNSF RR; construction of aJ?proximatefy 2.8 mi. of new s_£tbaqk and cross-dikes_(beyond new rgad); remgval of the Marshland pump station and its reconstuctign st t 
__ action area~· g mstruction of 1'No new bridges a(ong 'lXl.sting road aligment (295ft and 850ft spans); UJ?grades to existingj3NSF RR bridges tO!_aling approximately 900ft length;} 

box .culverts at 4 /ocations along new utility access dikes for tidal exchange; removal of existing outlet channel aroming;. fiWng of the existing Marshland Canal and agricultural 
within action area_;_ creation of approx. 3.6 mi. of new primary marsh channels and 3:11 mi. of new secondary marsh channeis; p rotection of existing utility)ines (power and natUJ L; 
protection of 4 existing towers; and creation gf vegetated ~rub shrub hummock area with excess_e~avation in the marsh plain. 
Constru_ction Period: Estimate two to three construction summer seasons plus limited upland w ork overwinter- estimated 12 tq_ 18 months total 

"'"' 
ACQUISITION AND CONSERVATION 

Required ProJect Lands 

Proponent/Partner-owned lands 

Lands To Be Acquired 

Material Sites 

Unit of 
Measure 

Acre 

MOBIUZATION AND ACCESS f or constJuction activities 
Mobjizatlo_n- Typbl LS 
(Equ~ment, Personnel, Planning, 
Finan ia 
MobjizatiQJJ- Remote LS 
(Equipment,Personnei,Pianning, 
Financi<l 
Site Access 
Barge Access 

LS 

Tem ora TrafficControl one ofthe followin 
LS 

ns LS 
f lags/ spotters LS 

Tern orar Roadwa 
Control of Water 

Relocation Ac tivittes 

Site Demolition Ac.tivilies 

un· ue LS 
SF 
LS 

Clem-ln and Gruhbln one or more of followin 
Clear V elation- local Dis osal A 

Cl ar !Grub V elat ion- ocal i al A 
lear/ t\JbVe etat ion -Offsite i osa l AC 

Cleat /Grub Vegetat ion - Off site Disposal AC 

r/ V ai ff i A 
en/ ru V tation - Off ·1 1 o a l A 
ou/ rl.J V elation-Off ·1 1 os I A 

lear /Grl.!b Ve el ation- Off site 1 osal AC 
lear / tl.J V e elat ion - Offsite i osal A 

Clear /Gru Ve elation - Off site Di osa l A C 
I ar t ile - lar ewo Y 

H dra I~ tr ures - mall S 
Hydraulic Structures - Large LS 

Utilities LF 
ild'h F 

Pavement F 
_B_y_)khe.Ed.s_ LF or _ _Bf 
Ro k 11 men! F 
l ar e Coastal Structures LF SF or CY 
Demo~t~n/ Rem011al -8rid e SF 

Remov~l· Mise_ lUI anQular rockfro 
Demo~t~ n / Rem011al BoatRam 

Haul - Offsite Disposal of Demolition 0 

Hazardous/Contaminated Waste Removal 

Contaminated Earthwo tlt 

Hazardous Earthwork 

Hazardous Earthwork 
Construct Tern ora Fe.atures 

EARTHWORK 
Excavation 
Excavation - U land 
Exca~~alion - Lowland 
Exca~~ation- Lowland 

Exca~~ation- Lowland 

Ton 
SF 

CY 

LS 

LS 

CY 
CY 
CY 
CY 

CY 

1115 

464 

537 

NA 

NA 

Description of kem 

Ba'sed on a11a~able rn a .. rl infotmation 
Total land required for action-Total area wl h1n <iction area. Approx. 876 a c. of that area would 
h re ored to benefktalflsh se throu hli 1/fre·shwater onnec ion 
ES1inate of lands currently owned by Proponent Oe., Public lands)- Go'J'ernt)1enl or qu as~ 

011er m.NJt wner~.ill.s.wilhin th .a-'ton r 
ES1inate land requi"ed to be acquired foract ionpriorto inpJernentation - T otal of 55 aftected 

lnriv<~le nan elsw~h 22. individua owner ; t'8 are ~iWinfl sell rs Mr Marshl<~nd subarea nl~n) 
Not Used: See. Earthwork- Imported Fit 

Descri t ion re Ulledfor each item to facr~tate cos1 e&illalil 
Up front costs such as bonding. planning and other sj!ltTtime ·and financlflg. Typrcally". assurne 
8% ro 10% of other items 

20 Assum e barge needed for Marshland Canal outlet channel e)(caVation north of Lowel

lndJdesr.n~allationo ltafrcs· nals.s na e , si nmen, etc-. here are 4 1 es as olk:lws 
NA 
NA 
1 Traffic control needed only during the f inal conne.ction bad< i1to the exist'ng ai gnment of Loweii

Snohomrsh River Rd. Two locations Wlll be invot./ed, It rs assumed that conS1ruction<~l each 

NA 
NA 
1 

ali n wVI r w f flaaa• r nd snotter f r 1 durat ion f ne w k 

May need to de-water base of new set back dikes and road embankments. Not possible to 
estrmate wi h conf ence at he 10Yo desi n as eateehnica l mvesti ation is not IN ~ab le . 
Not Used See Utilirie.s,Structures 

Demolition and remo.-al of structures (descnpt ion required) , tempararj features and relo caMrts 1 

i em"tzed separately) ; Clearing and qrubliing of vegetation, and rem011al of mfnor-debfis {rocl<s, 
IM.fi - e cr ti n r uir 

Use one ormore ofthefollowi'l cate oriesofcleari'l and rub bin 
NA Ve elation r mo11 ed abo11e rade an di osed loca ~ 

NA Ve etationrootsalso removedanddis ose local 
65 tr· and dis ose 1 foot surfaces il f rdik transmission tower islands 4 

7.05 Strip and dispose 1 foot -surface soil off Lowei~Snohomish Rd side slopes to lower e(ist ing 
dike.+ ad 

1 

1 
B 
.48 

751 
NA 
NA 

' 

NA 
1 40 
4 

NA 

NA 
7200 

NA 
NA 

20 

NA 

NA 
NA 

r n 1 1f .oo rf ilf r ww HP r n mi n hn 
tr" n dis 1 f tfa dfr t k ik t s line n n suh 
tr" n di se 1 f I urf c oil frreconstr ctedrodlslback ike 
tr" an dis ose 1 foot surfacesoil for um stationoutlet chann I 
tr' an di ose 1 fo t surfa e il f r new rimar marsh channels 
tr' and dis ose 1 foot surface s ilfor new secon ar marsh channels 

Ve etationi ere at an s ck ile I re ar forr se n ., 

Removal of elcisting 500 d s Marshland pump station-and flood relief gates (4) Existing pump 
stat ion to be used for actionarea dewateri1g during construction after new pump station to south 
is constrlJcted and operational. Work mcUdes control of water and sediment dunng remoll:iil of 

. "'" 
Remo11al of bu~din s lo ated'withinthe action ar at· al restoratronlimits 
Remo11 al of a~~em nt on Low II-Snohom1sh R · .::~ rox 12 800feet x36feet wide 

Rem 11al of as ume rock tell tm nt n noh m· h ri.-er bank at existin urn station o II t 

Remo11al ofbrid e 200 feet X 36 feet wide 

North County f.lecydng and Transfer Station 
63rdAIIenue NE Arli]glo)l , WA 

Tt1ese 'rtems-for eartlrwork"of qua~ty not compaJible with wetlands, requir~ng specia l hand~ng and 
aisposa! Oesc(rbe basis fordasSifi=:ation as contamrnated or hazardous. State known or 

l~ri~ i i;'ltif1 r:rih! k im w k 

Sinlpson landfil (29 acre p.arcel) temediation for new ro ad acros9and possible t idaVrillenne 
effects. Unable to provide credOie estfnale at 10% design. Eslmated parcel area fat 
remediation pro'fided. Environmental Assessment and RIFS likely required to define ''mils and 

11 I of contaminatiOn hazar ous arthwork assumedl . 
l:"li~oric creoso1e facility (Ro tary Pari( 1 t .3 acres) remediation fo r Owe ring of adj acent LD'f'lle l~ 

Snohomish Rd and posstrle t idaltr,...erfle effects. Unable to pr011Kle credible estimate at 10%. 

~::1iJ~ ~~e"'a~e~e~i~~~~ar;a ~~r !~~~~i~~~~~~~~~~~~ · hE;i;o~~~e;~~~~~~ks:ms~~ a~d RIFS 

U<>e as needed for unusual te.m orar feature& not lnclJded elsewhere see I ESC btOiow 

Ex and to Include e ui men!, etc to fa cili ate co~ estimailn 

3620 Ex~a11ation at base of OHP transmisston towers ads· 1 :xl5CY stri a e +2 15CY stock ile 
t 26J60 ExGa'!'al ion at base of low dikes for OHP transmission ines; north powerll'le 19;200 CY 

1
::;:: ~_i~~;tockpile (59,100CY), center powerl(le = 21,720CY strip page +-45 240C Y 

677Eil Exca'!'ation at base of setback di<es (other than new road): :21 .:m CY str~page t 46,250CY 

~~'""''' 
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Restoration Quantity Estimate 

Site Name IE11erett Marshlan/ 
· Site I · · 11 26 Rev1sed Mav2012 

Date February 201 1 Revised with backcheck updates: 2ll June 201 1 

By: D. Cisakowski and J . Bibee,Ar Revised S~ptember2012 
- LJSAC6 edits to select total road f ill, road haul and s ockpile Brouse/Campbell 2014 

--
REMEDY: Restore 876 acres of priority tidal estuarineHrestMtater riverine marsh habitats through reconnection of historic man~h 
Primary management measures required include removal of approx. 2.4 mi. of existing Lowell-Snohomish Rd /dike; reconstruction of approx. 1.8 mi. of new replacement roadwa 
parallel to BNSF RR;. construction of approximate!Y 2.8 mi...._ of new setback arxl cross-dikesjbeyorxl new road);_removal of the IVIarshland pump station and its reconstuction at t 
action areai construction of two new bridges along~ existi!¥1 road aligment (295ft arx1850 ft spans); upgrades to existing BNSF RR bridges totaling approximately 900ft length; i 
box culverts at 41ocations along new utility access dikes for tidal exchange; removal of existi711 outlet channel aromi~¥~; fillif¥l of the existing Marshland Canal and agricultural 
within action area; creation of approx 3.6 mi. of new primary marsh channels and_ 3.4 mi. of neW secondary marsh channels; protection of existing utility lines Jpower and naturG 

_ protection of 4 existinatowers; and creation of vegetated scrub shrub hummock area with excess excavat1~n in the marsh p/ai11. 
Construction Period: Estimate two to three construction summer seasons plus limited upland work overwinter- estimated 12 to 18 months total 

h:ern 

Excavation - Lowland 

Excavation- Lol<l'land 

Excavation - Lol<l'land 

Ored m - Bucket - Land 
Dred in - Bucket- Marine 
Ore d in - H drau~c 

Fine Gradin 

Fill Placement -local borrow 
Side cast 
Haul - uncont rol ed place ment 

Haul - conl rol edplacement 

Haul lace C1J m act 
Stockp~!l- uncontrolled placeMent 

Stockp~e- controlled placement 

Conv'e or laceinentfrom stock ile lan 

lm orted Fill 
ele t Fill 

ele I f ill 
ele t Fill 

Select fill 

r I rr m irt h I 
an J ravel for each Nounshment 

r hor N r· hm nt 
m ankment Com acti n 

To soil 
hannel Rehab /Cr at ion 

Lar W ood Piac ment 
Invasive .Species Control 

Ph Cal xcl sion Devi s 
! her esoration Feat r sJA ~ ~ies 

Structures 

UtHities 

W at r Co lr I Sir ctures · C lve w it 

' 'I 
Rock lo rotectio 
N ew Marshland Pump Station and 

Aooorten'"f f,d if " 
New Flood Rei ef Structure with 
Motorized Sluice Gates and 
A rtenant Fa l iti s 

Fe cin 

' Electric 

Se er 

B 

I c m ni ·ons 
Rm,dW<l I Ra~way 

Roadwa 
Roadwa - Traffic Si na l 

Cul.-ert 10' Diam Steel 
3-Sided Box Cu~ert1 
3-Sided Box CuWert 2 
3-Sided Box CuWert 3 
3-Sided Box CuWert4 
Cui!'ert Jack1n 

W rt ~ H ri ntal p· rWin 

Bridge A- Superstructure 

Roadway Bridge. 8- Superstructure 

Unit of 
Measure 

CY 

CY 

GY 

CY 
CY 
CY 
AC 

GY 
CY 

CY 

CY 
CY 

CY 

CY 

CY 
CY 

y 
CY 

y 
CY 

CY 
CY 
SF 
EA 

A cre 

LF r A 

EA 

LF 
EA 

EA 

LF 
LF 
LF 

LF 

SF 
LS 

LF 
LF 
LF 
LF 
LF 
LF 

F 
SF 

SF 

Oty Description of hem 

94500 ;1x~~~~~~~;se of new reconstwcted roa d/dike . 29828CY (north) +23345CY (center) t 

170570 Exc~vation for pri'narylsecondary marsh channels and pump stat ion outlet channet 19SOCY 
o t iel +14973:1 main ch<~nnel +18ffi0 CY (Side channen· 

91020 Excavation to lower existing Lo-we f.-Snohomish Rd/dike; <~ssume volume of 192SF for 12 ,000 l.F 

A~""me31 080CY <rui1'11 ; fmoookm• ' """' " ' o GIS wf,ume 
NA 
NA 
NA 
NA 

NA 
hisis additive to arthwork-Exc-avation 

325620 Haul of matenal excavated exduding str1ppage (withi1 one foot of surface) to stock~ile for u:;e as 
Marshland channel fill and hummocks creat1on; distance less than one mile; 167 ,291CY 
r~:to k ~eto ff it + 1C.R~":InCY sto iletochann l f iR 

3 1080 Haul of material excavated to lower Lowe f.-Snohomish Rd/d1ke; for use as reconstructed ne-w 
road/setback dike embanKm ent· distance lesstha:n one mje- see ex.- lo'Maod above 

NA 
325620 Stockpile and placemant of m ater1al axcavated exekJdiig str.,paga (w~hiti one foot of surfac e); 

for use as channel fill and for created hummocks· see haul·uncontrol ed Ia ceme nt 
3 1080 Stockpile and placement of m ate.r1al exca11ated to low er road; for use as new rec onstructed 

road/dike embankment · se e haul-uncontrolled placement 
NA 

11185 
750 

? 00 
397840 

~A 
NA 
NA 

11 1 3 
NA 
NA 
190 
26.3 

NA 
NA 

NA 
A 

N 
I 

A 

750 
A 

IOOOJ 

NA 

391700 
NA 

290 
60 
60 
70 
60 
NA 

35700 

12390 

lncLdes urchase, deliver and lacement or asnote /desaibed 

lmo!lt:tM seJe.C!m terialforuse::Js.l r nsrni s· nt w rem ankm nt 
lm orted sel ct material for use a low dik emban men! for OHP transrnission ~nes 
lm rte I ct material for a set a k ike embankments !her than new ro 
Imported select material for use as new reconstruc ted road/dike embankment. 428,921 CY (total 
mad m - amount of stock Bed exist10 toad m aterlal (31 0 00 CY'l 

WSD T an ar itm· umofallselecl f~l 

A l ow anc for LW'D Ia cement in re ored rimar channel - a ro x_ 1 ieee 11 0 ft 
ISC area assumed equWalent to clear/gtub a teas of new primary and secondary m arsh channels 

Construct new Marshland Pump Stat'on - 500 cfsestimated design flow, approx. 30ft stat io I tt ~ 

1200 HP (" i fiOJ ~'ion oomoscombmed HP '"'"' 4, 250 HP:2- 100 HP 
Construct new fuod rei ef gates- assume 4-12' X 12 ' motorize d sluice gates in concrete 
~ructure adjacent to new pump station (11stf'nated size based on rough size of existi'lg flood 
relief ales t exi i m ation 

Replacement or relocat(l.n. Designer to provide size and material and ha11e sep arate i ne liNn 
for each run. lnd denlals includ!i earthwork, te stflg , book up fees, etc. These quanll ies do not 
flclude demolition of existing util~ 1es, rea l estate I ~asements, deSign fees. Descrb e the own er l 
known_. and whether utiny f raQchis:e w i l install (e.g .. etectrJ: is typ 1CaUy rtstal ed by ele.ctri ijtl 

elocate hydrants hydrants on Lowell Snohomish Hivei"Road to new roadway alignment. 
Ch'ange to water is mainly removaVabandonm ent. Alowance of 750 f provided to connect i·p 

ex1sti'lg m ains and run new main along hew roadway alignment to desr ed locat~ n of hydrar)tS. 
Impacts., If any , to sel'llke ine crossing the River at the north en.d of the site are expected to be 
m•hrn'L 

Relocate PUD Conductor to follow entire length of new roadway alignment. Existing conduc1or 
C1Jnsists of appro:rimately5,000 If of o11erhead and 3 ,51Illf of upderground. Appurtenances to 
be.fllbe>tOJi<clude.~x_n,.feJ, ;,rul fwo. ebillriUll' ' I 

2 16 f tlanes w ith5ftsid ewalks· a rox,9621 feetx42' wldth i'lcludes brid es 

p· e materia l suitablefor horizontal i e drivin 
25W x 10'H Precast Cone. 3-s ided Box Cu~ert 
25W x 10'H Precast Cone. 3-sided Box Cu~ert 

25W x 10'H Precast Cone. 3-sided Box CuWert 
25W x 10'H Precast Cone. 3-sid ed Box CuWert 

rNe 1 ' iam !v n n ath ra~r a an r a wa 
850 -lf precast concrete girder brdge, Depth of girder is 5 '-2 ' 
lnd.Jdeselements suchas approach slab,abutment,barriers, andrailf1gs. 
SJ-Jntican:~&M costs associated w ith this bridge. Design elev of bridge deck is bebw the 100-yr 

r~ l h f 1 f e h h r n an 
295 -lf precast concrete gird er bridge, Depth of girder is 5 '-2 " 
lnc~des elements such a s approacb slab, abuth'tent,barrlers, an.draili1g s 
Sgntican:~&M costs associated w ith this bridge. Design elev of bridge deck isbebwthe 100-yr 
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Restoration Quantity Estimate 

Sit! Name: Everett Marshlanl 

Site #: 1126 _ ___ -,Rev~d May~12 
Date: tFebruarv 2011 1Revrsed with ba ckch~,cl_update; II June 2011 

By: ~0. Clsakowski and J . Bibee , /l.r Revised September 2012 
_ _.. USAGE edrts to select totaiJ oad f ill, road haLII and stockp~e 8 rouse/Camebell 2014 

t~---
REMEDY: Restore 876 acres of priority tidal estuarineHresi"M'at.er riverine marsh habitats throl!{lh reconnection of historic marsh 
Primary management measures required include removal of approx 24 mi. of existing Loweli.Snohomish Rd /dike;_ reconstruction of approx. 1.8 mi. of new replacement roadwa 

__Jparallel to BNSF RJS construction of approximately 2.8 mi. of new setback and cross-dikes (beyond new road)_; removal of the Marshland pump station and its reconstuction at t 
...taction area; construction of two new bridges along existing road aligment (295ft and ~50ft spans).; upgrades to existing BNSF RR bridges totaling approximat.ely 900ft lengtli,.) 

box culverts at. 4/ocat.ip ns along new utili!Y access dikes for tidal exchange; removal of existfng outlet channel aroming; filling of the existing Marshland Canal and agricultural . 
I· within action area; creation of approx 3.6 mi. of newprimaty marsh channels and 3.4 mi. of new secondary marsh channels; prq!ection of &isting utilf!¥ lines (power and natur 

JProtection of 4 existlfJ! towers_; and creation of vegetated scrub shrub fx.lmmock area with eX£_ess excavation in the marsh plain. 
Construction Period: Estimate two to three construction summer seasons plus limited upland work over winter - estimated 12 to 18 months total _________ _ 

hom 

Roadwa Brid e 8~ Foundatio n 
Rai~road Brid e #2- Su erstructure 

Rai~oad Brid e #2- Fc-wi dation 
Rai~oad Brid e #3- Su erstructure 

Rai~oad #3- Fc-undation 
Rart.va f 

Roa s 
Utilt A ca.ss Routes 
Erosion Control Fe atures 

Public Access or Recreation Features 
Tra l 

"" Kio 
R str m 
lnt rrtiv ian 
Parkin Area 

h ' 
Vegetacion & Erosion Control 

H roseedrn 
Plant fl 
V e elationMaintenance 
Erosion /sediment BMPs- Temp, 

Eroswn /sediment BMPs . Permanent 
W aterside controls- Tern orar 

Construction Mana ement 
Construct" oversi t 
M teria t estin 
Pr one t in- in Serv1 

rve & Pro e U il't R ar h 

5% s 
o/, e n 
% desi n 

1 % n 
Geofechnl::a[Studies 

Cui ural Studies 

HT'WR Stud1es 

LandSurve Documentation 

Unit of 
Measure 

LF 
SF 
LF 

SF 
LF 

LF 

evel 
L.F 
L.F 

A 
F 

EA 

AC 
AC 

AC· YR 
LS 

NO 
LF 

w eeks 

LS 

LS 

LS 

reemenl Govt' M an· Da s 
no lm I L S 

Pr areO erationsand M lntenance 

Qty Des cripHon of hem 

600 Drl'led Shafts 100 ft dee each :2 each er · an 3 s ans 
13600 Prestressed bo )( 1rder bt'id e 16 tf i1 w lHh 850 If in len lh Construd ed under traffic 

(4) HP 14)139 steel piles,33 k:lcations , 100' depth each. driven w~h the eKistmg bridge deck in 
13200 lace 
800 Prestressed bo)( r der br1d e 16 If i1 width 50 If in lan th· Constructed under traffic 

(4) HP 14)139 steel piles, 2 1ocations, 100' depth each , drir en with the eXlsting bridge dec.k i1 
800 lace 
NA 

NA 
151llJ Dike to 12 ' w idth al .w eatt\er ravel road 
151))] Cf.lerto in eros10n rotect ion ofnew colleclive new dikes othet than new road 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

42 Na!Ne seed rass seed milli f or remove d dike and new dike side ·slo es 
35 Plant created hummocks wlh natife shrub/scrubs eaes 
35 lnck.rdestem or01 r irri ation weedrn lant re lacement forone ear 
1 Temporary erosionfsedimentat ion control and treatment BMPs for control of work area drainage 

~c;pted upstream of Marshland Canal pump statron (use pump station for discharge of treated 
f lOws: to Snohomish Ri\-er) Assume compliance with Construcf10nGeneral N PDES rrcluded 

NA 
200 Turbidit a.n tai1 at Marshland Canal outlet 

150 

A ss-J "I! nh co r io fo hrecnstuct 
lnckJde rncosl fmate""rial- n se arate ani! 

e service Pr anent in on truct"on u as sle i h se rit • 
0 ofconsrction cost 

% % n i eer' ate 
% n r' I h f r. % P 

35% 25% x En ineer"s stm ate less! e cost for % + 5% P &E 
% n i eer' rna I revro s 

Geolech s1udy needed to design new dikes and road. Signif icant peal deposits fr marsh ~:~rea 
are expected. Pr~l:~d (1-yr assum~:l shou'd be added for al dikes and roads in estimating 

CUltural resources investig at ion need assumed foract ion area 

Sippsonand prior creosoteparcelsin NWcornerofaction areaassurnedto requl:e 
en\lrionmenlal ~te ~sse<>sment; Ukely need for RIFS for cleanup action as part of fuU restot<1tron 

Describe ! es and uarrtities of e)( ected documentation 

Describe leve l of effort for des n a reement 
Describe leve l of effort e)( ected to im lement A T&T at si e 
Assume5 crew-da sl -ear fot eachm onitorin ar:ameterindesi rr reo.orlfor.5 rs 

ri el f e lete lan nn e n 

0 ribe ex eel d &M necessar t o document rna manual for the Pro anent 
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-l'f&.A • .aHo.& a --... 
~ 

Lead Contractor: ESA 
Design Lead: K PFF 
Date: 1112012 

BEGIN ROADWAY REALIGNMENT 
(Jt SEtBACK lNE 
STA. 20+00 

[ 

25'1 X tO'H BOX aL\tRT 
&OLF 

r 25'1 X 10'H BOX aL\tRT .v 80 Lr 

RAIRON) ~ 70 Lf 
EXIS1IC to lf /25'1 X 10'H BOX CU.OlS 

~~ PLAa: I ~Lfx tO'H BOX aL'ttRTS 

DasnNG 210 LF 
RAILROAD BRIDGE 
TO REMAIN. PROlECT IN PLACE 

BEGIN ROADWAY 8RI)GE 
STA. 57+12 
ROADWAY BRI)GE 

850Lr 
00 ROADWAY BRIDGE 
STA. 66+22 

I 

&ROADWAY 
jt-ALIGtiiNT 

ROADWAY BRI)fE 1 STA. 118+21 
295Lr / 

BEQN ROADWAY BRfoGE 
STA. 82+53 

Pugec Sound NearshOre Ecos~m R"'torl!llon Pl1lject (PSNERP) Engln•enng AWenotx 

SITE NAME: Everett M<rshland Tidal Wetland Restoralion 
Proposed Realignment of Lowei~Snohomish River Road 

Exhibit 50 
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ANNEX	2:	COST	ESTIMATE	DETAILS	

Cost estimate details include estimated costs, anticipated construction schedule, and risk register.  
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Print Date Wed 23 July 2014 

Eff. Data 9/12/2011 

Labor ID: NLS2012 EQID: EP11R08 

U.S. tvmy Corps of Engineers 

Project ; Everett Marshland 
PSN ERP Feasibility Report 

Evere(! Marshlar1d 
Everett Marshland Restoration 

SELECTED ALIERNATIVE·Thls esttmate is for the Full Restoration Alternative. 
BASIS OF COSTS: Mil Ellglish Costbook and associated libraries, vendor pricing. and built crews. 

SCOPE OF WORK.: Final Feasibility Report 
ESTIMATE CILASS. Conceptuel, lavel4 

Original Estimat; Daniel Lowry, PE. CCC (NWS) 

Revised Estimate; Daniel Lowry, PE, CCC (NWS) 
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Rtsk/Opportunity kfenhf'ied wit1'1 reference to the Rtsk K;entlftcatJOn Checklist and through deliberation and study of the PDT 
DlscusgK)Os and Concerns elaborates on RJsi<!Opportun1ty Events aod Includes any assumpttons or flndtngs (shOuld contain mformatton pertinEnt to eventua l study and analysis 01 evenrs impact to prOject). 

3 l.Jkellhood rs a measure of the probability of the evert occurring·· Very Unlikely. Unlikefy, Moderately Likely, Likely, Very Likely. The hk:elihood of the event w tlt be tl'le same for both Cost a!'ld Schedule regardless of impacl 
lmpact IS a measufe of the evenrs effect on project ObJedfVf!S with relation to scope cost, and/01' schedule- Negligible, Marginal , Significant, Critical. or Crisis. Impacts on Project Cost may vary 1/l severity from tmpacts on PrOject Schedl.ife 

R1sk Level is the resURanl of UkelihOod and Impact Low, Moderate, or High. Refer to the matnx located at top of page 

7 Tne respanstbiltty or pex; as the ertttty respanstble as tne Subject Matter Expert (SME) lor actton manitonrg, or 1nformahon on the PDT fof the Identified n~or opportunity 
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9 Affected ProJect Component Identifies the spectfic 1tem of the proJect to whlctl tile risk: d trectly or strongly conelates 
10 ProJect lmplt~::aMns iderttltes whether or nat the nsk item a ffects prOJect cost. project schedu~, or both The PDT ts responsible for conducting stUdtes for bot/"1 Pro;ect Cost and lor ProJect Schedule 

11 Results of the rtsk identlf~eatlon process are stUdfed and further developed bV the Cost Engtneer, then analyZed through the Monte Carlo AnalysiS Method !.or Cost (Contingency) and Schedule (Escalation) Growth 



 

 

Engineering Appendix  Section 6 
Livingston Bay   Page i 

Section 6: Livingston Bay 
6-1 General – Livingston Bay .................................................................................................... 1 

6-2 Hydrology and Hydraulics .................................................................................................. 3 

6-3 Surveying, Mapping, and Other Geospatial Data Requirements ...................................... 15 

6-4 Geotechnical ...................................................................................................................... 17 

6-5 Environmental Engineering ............................................................................................. 20 

6-6 Civil Design ........................................................................................................................ 21 

6-7 Structural Requirements .................................................................................................. 25 

6-8 Electrical and Mechanical Requirements ......................................................................... 26 

6-9 Hazardous and Toxic Materials ........................................................................................ 26 

6-10 Construction Procedures and Water Control Plan ........................................................... 27 

6-11 Initial Reservoir Filling and Surveillance Plan ................................................................. 28 

6-12 Flood Emergency Plans for Areas Downstream of Corps Dams ...................................... 28 

6-13 Environmental Objective and Requirements ................................................................... 28 

6-14 Reservoir Clearing ............................................................................................................ 28 

6-15 Operation and Maintenance (O&M) ................................................................................. 28 

6-16 Access Roads ..................................................................................................................... 29 

6-17 Corrosion Mitigation......................................................................................................... 29 

6-18 Project Security ................................................................................................................. 29 

6-19 Cost Estimates .................................................................................................................. 29 

6-20 Schedule for Design and Construction ............................................................................. 30 

6-21 Special Studies .................................................................................................................. 30 

6-22 Data Management ............................................................................................................. 32 

6-23 Use of Metric System Measurements ............................................................................... 32 

6-24 References ......................................................................................................................... 32 

ANNEX 1: EXHIBITS ................................................................................................................... 34 

ANNEX 2: COST ESTIMATE DETAILS ....................................................................................... 39 



 

 

Engineering Appendix  Section 6 
Livingston Bay   Page ii 

 45 

 



 

 

Engineering Appendix  Section 6 
Livingston Bay   Page 1 

6-1 GENERAL – LIVINGSTON BAY  
6-1.1 Overview of Restoration Site 
Livingston Bay is a closed barrier embayment within the Whidbey Subbasin of Puget Sound. The bay is 
located within the Stillaguamish River delta on the southeast side of Camano Island. The Whidbey 
Camano Land Trust and The Nature Conservancy own more than 6,000 acres of tidelands in the adjacent 
Port Susan Bay. The Land Trust is seeking funding to acquire 300 acres of farmland at the head of Port 
Susan Bay. This area was converted to agricultural use in the late 1800s by the construction of a dike 
across the tidal channel and through the diversion of drainage to the perimeter of the site through dikes 
and a pump station. 

The Livingston Bay site is one of four sites selected to address Barrier Embayment restoration objectives 
to restore sediment input and transport processes to littoral drift cells where bluff erosion sustains barrier 
beaches that form barrier embayments and restore the tidal flow processes within these partially closed 
systems. Target ecosystem processes include: 

• Sediment supply 

• Sediment transport 

• Tidal flow 

• Erosion and accretion of sediments 

• Detritus recruitment and retention 

• Tidal channel formation and maintenance 

The restoration at Livingston Bay entails breaching a barrier berm (dike), excavating a new tidal inlet 
channel, and rehabilitating the tidal channel network and interior marsh habitats across approximately 
250 acres of diked farmland. Other restoration activities include the construction of a flood risk reduction 
dike, removal and lowering of internal dikes, and removal of an existing pump station. A restoration 
alternative that proposed more extensive tidal channel excavation was considered but not selected for 
detailed analysis. Details of the restoration design are provided in Section 6-6 and shown on the exhibits 
provided in Annex 1. Figure 6-1-1 shows the Livingston site and vicinity.  
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Figure 6-1-1. Livingston Bay and Vicinity 
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6-2 HYDROLOGY AND HYDRAULICS  
The Livingston watershed is the largest watershed or drainage basin on Camano Island. The area that it 
drains covers 5.2 square miles and encompasses 6.21 miles of shoreline. The watershed is located on the 
east shore of Camano Island and drains primarily south into Livingston Bay near Port Susan. Estimated 
average annual rainfall in this area is 27 inches. The area shown on Figure6-2-1 is the portion of that 
drainage, about 3 square miles, that currently drains to or through the project site under current 
conditions (pers. comm. M. Nash, Island County Public Works, 2014). 

The embayment is diked agricultural land and there are no improved roads crossing the site. The intent of 
the project is to restore tidal flow into the project area for the purpose of habitat restoration by breaching 
the dike at the mouth of the embayment. An existing small pump that drains the farmland as well as the 
electrical utility for the pump will be removed. The entire site lies below the 100-year coastal base flood 
elevation of 15.1 ft NAVD88. 

 
Figure 6-2-1. Livingston Bay – diked farmland drainage area 

The hydraulics and hydrology for all restoration sites in the Puget Sound Nearshore Ecosystem 
Restoration Project were evaluated using an area of potential hydraulic effects specific to the construction 
requirements for each particular site. The upstream and lateral limits for this area represent the 100-year 
base flood elevation derived from a combination of Federal Emergency Management Agency (FEMA) 
flood maps and Flood Insurance Studies as well as U.S. Army Corps of Engineers (USACE) base flood 
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elevation determinations. Downstream and seaward limits are based on changes in shoreform type and 
best professional judgment.  

Figure 6-2-2 shows the area of potential hydraulic effects for Livingston Bay. The upstream and lateral 
limits were set according to the 100-year base flood elevation as determined by the FEMA Flood 
Insurance Study for Island County and incorporated areas, community 530312 (revised 2007). The base 
flood elevation is at 15.1 feet (NAVD88) and is based on storm surge height and atmospheric effects in 
Puget Sound. The seaward limit was taken as the downstream extent of most estuarine sediments visible 
on aerial photographs. The limits of the area of potential hydraulic effects does not incorporate the 
potential for sea level change but this potential is discussed in Section 6-2.1.9. 

 
Figure 6-2-2. Livingston Bay – diked farmland: Area of potential hydraulic effects 

6-2.1 Functional Design Requirements 
This section describes the hydrologic and hydraulic setting for the site and the intended hydraulic 
consequences of the design features. 

6-2.1.1 Consequences of flows exceeding discharge capacity of the project 

The purpose of this site is to restore natural drainage, tidal flow, and sediment transport to the diked 
farmland. Although a pump station will be removed at this site, no new features on the site will involve 
active water control, so there is no design discharge capacity to be evaluated. (Not applicable.) 
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6-2.1.2 Project-induced changes obligating mitigation 

Mitigation, in the context of this site, applies to compensation of local stakeholders for any loss of 
function or detrimental project-induced changes. The possible project-induced changes obligating 
mitigation, as identified at this stage of design, are summarized below: 

• The breaching and lowering of the barrier berm and the consequent development of the excavated 
channel network will allow increased tidal prism at the site. The work is likely to result in 
increased flows to the bay and redistribution of sediments impounded as result of diking and 
ditching. Any sediment mobilized as a result of dike lowering and removal may have temporary 
effects on local ecology in Livingston Bay. 

• Project plans call for a new dike that is intended to maintain the existing level of flood protection 
for 26 properties on the north side of Livingston Bay Shore Road.  Portions of these properties lie 
between the Mean Higher High Water (MHHW) elevation of 9 ft (NAVD88) and the current top 
of dike at 11 feet (see Figure 6-2-3). Because the current dike exists, they are currently protected 
from coastal flood events of less than 11 feet.  Once the dike at the mouth of the embayment is 
removed, without a small flood risk management dike, these properties will experience new 
flooding for events between 9 feet and 11 feet in height. Survey of the actual floor elevations for 
the houses on these properties has not been conducted but will be considered in PED. 

 
Figure 6-2-3.. Close-up view of properties on Livingston Bay Shore Road showing the area 

presently protected by the current dike and the proposed new dike. 
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• Properties along Livingston Bay Shore Drive may experience several additional changes that may 
require mitigation: 

o Abandonment of the Livingston Bay East culvert and construction of the dike may require 
some retrofit of current storm drainage from the community. Residences along the north 
side of Livingston Bay Shore Drive rely on surface runoff for drainage into the Livingston 
site to convey rainfall runoff away from properties. There is no known stormwater drain 
system for this community. Drainage requirements will be investigated during PED. 

o Waterfront properties may experience some changes in flow patterns and sedimentation 
at the shoreline. 

o The construction of the dike along the north side of the barrier spit may require access 
easements for properties on the south side of the dike. It is also possible that the new dike 
will alter the northward territorial views from the properties but since the top of the new 
dike will be about 2 feet above current grade this effect is not expected to be significant. 

• Properties along the western side of the site adjacent to the tidal channel may require slope 
stabilization due to the increased tidal prism and flows at the site. 

The amount and potential areas of flow changes and erosion or sedimentation will be addressed during 
PED. 

6-2.1.3 Discharge-frequency relationships 

There is a limited amount of freshwater discharge into the Livingston Bay diked farmland area. Currently 
all runoff from this part of Livingston basin is diverted into channels on the western and eastern ends of 
the site. The eastern basin of about 800 acres discharges directly to the Livingston Bay tidal flats through 
an open drainage ditch terminating in  the Livingston Bay east culvert. The western basin is 
approximately 1,200 acres and discharges via ditches and pumps directly to Livingston Bay. After project 
completion all these drainage areas will discharge into the restored site. No gauge data exist for either of 
the drainages in the Livingston Basin. Discharge-frequency predictions, shown in Table 6-2-1, were 
obtained using U.S. Geological Survey (USGS) regression equations for Washington region 2 (Knowles 
and Sumioka, 2001).  

Table 6-2-1. Peak Discharge-Frequency predictions for the  
Livingston diked farmland drainage 

Method 
10-year 

(cfs) 

50-year 

(cfs) 

100-year 

(cfs) 

500-year 

(cfs) 

Livingston East 28.5  40.6 45.3 58.7 

Livingston West 38.3 54.3 60.6 78.3 

6-2.1.4 0.2% chance of exceedance flood (500-year return interval flood) 

The area of potential hydraulic effects for Livingston Bay is dominated by storm surge from Port Susan. 
Since this site contains no critical infrastructure, the 500-year coastal flood level will not be evaluated. 
(Not applicable.) 

6-2.1.5 Stage-discharge relationships 

No stage-discharge relationships currently exist for this location. Since this site is tidally dominated, no 
stage-discharge analysis is currently planned. (Not applicable.) 
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6-2.1.6 Flow duration 

At present, it is not anticipated that a flow duration analysis will be required at the site. (Not applicable.) 

6-2.1.7 Flood inundation boundaries and flood stage hydrographs 

No detailed Flood Insurance Study has been created for this location. Figure 6-2-3 shows the 100-year 
flood zone as determined for the FEMA Flood Insurance Rate Map. This flood zone information is based 
on a coastal base flood elevation of 15.1 feet (NAVD88). Under the 100-year flood conditions, the 
Livingston Bay Shore subdivision is fully inundated. 

 
Figure 6-2-4. Current FEMA 100-year flood zone from  

Flood Insurance Rate Map 53029C 0275E (FEMA, 2007a) 

6-2.1.8 Reservoir yields 

No reservoirs are planned as part of this site. (Not applicable.) 

6-2.1.9 Risk and uncertainty analysis for sizing of the project under study 

Channel sizing 
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Required channel size parameters were determined using the methods presented in the Applied 
Geomorphology Guidelines and Hierarchy of Openings (an attachment to this engineering appendix). 
Table 6-2-2 shows the diurnal tide prism. Table 6-2-3 shows that the required top width is 340 feet and 
depth at Mean Higher High Water (MHHW) is 15 feet based on the tidal prism. The current plan calls for 
a 300-foot-wide breach with a depth of 16 feet below MHHW. Given the risk of channel migration due to 
longshore transport, the required breach area and channel dimensions should be further investigated 
using a hydrodynamic model. This will be addressed during PED. 

Table 6-2-2. Inputs used to determine channel sizing 

Component Volume (cubic feet) 

Diurnal Tidal Prism    54,000,000 

Table 6-2-3. Channel parameters for tidal flow and combined tide and river flow 

Parameter Tidal Prism 

Max Channel Depth Below MHHW (feet) 15 

Channel Top Width at MHHW (feet) 340 

Channel Cross-Sectional Area at MHHW (SF) 3150 

Sea Level Change  

Livingston Bay is located in the Whidbey Subbasin of Puget Sound. Sea level change calculations for this 
subbasin are based on the Seattle tide gauge. Table 6-2-4 shows the range of sea level change projections 
for the 50-year project life, indicating a maximum sea level change of 3.52 feet in 50 years. Sea level 
change calculations for the Whidbey  Subbasin are based on the Seattle tide gauge and are calculated 
using the guidance under ER 1100-2-8162 Incorporating Sea Level Change in Civil Works Programs 
(USACE, 2013). The largest risk associated with sea level change at this site is increased erosion and 
overtopping of the breach area. Future studies should include a sedimentation analysis to determine what 
impact the restoration will have on sedimentation rates and if there is sufficient sediment accumulation to 
keep pace with the projected sea level change.  

Table 6-2-4. Projected Sea Level Change (feet), Seattle (Gauge 9447130) 

Year Low  (feet) Intermediate 
(feet) High (feet) 

2030 0.28 0.41 0.81 

2040 0.35 0.56 1.21 

2050 0.43 0.73 1.67 

2060 0.5 0.91 2.21 

2070 0.57 1.11 2.83 

2080 0.65 1.34 3.52 
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6-2.1.10 Water quality conditions 

No water quality information has been reviewed for this site. The restoration is not anticipated to generate 
any long-term effects on surface water quality in Livingston Bay. Anticipated water quality effects are as 
follows: 

• Construction-related turbidity and suspension of sediments may occur due to dike lowering and 
breaching. Site access is currently planned to be over land or by temporary access road only. Fill 
removal, construction of new dikes and embankments, filling of ditches, and excavation of new 
channels should be carried out to prevent introducing sediments into the waterway. 

• Temporary increases in sedimentation may occur downstream of the site because of the release of 
sediment during the formation of any new distributary channels. These effects, together with 
other sedimentation issues, will be evaluated during PED. 

• Dike breaching may increase salinity within the site due to the increased tidal prism. If needed, 
water quality sampling and analysis of water quality effects will take place during PED. 

• Currently some agricultural runoff occurs within the site. The upland areas that are drained by 
the Livingston Bay East drainage ditch and culvert are primarily agricultural. The rerouting of the 
East Bay culvert flow into the site will contribute additional agricultural, residential and roadway 
runoff to the site. The amount of runoff and the ability of the increased tidal flows to convey this 
runoff away from the site will be assessed in PED. 

6-2.1.11 Groundwater conditions 

No groundwater information has been reviewed for this site. No septic systems are known to be located 
within the restoration area. The extent of freshwater seepage into the site from outside site boundaries 
and the impacts of nearby septic leach fields have not been assessed. The lowering and breaching of dikes 
will allow an increased tidal prism within the site which may be accompanied by saltwater intrusion. Since 
the goal of work at this site is to restore historic conditions, restoration of historic salinity patterns is 
presumed to be a desirable outcome. 

6-2.1.12 Preliminary project regulation plan 

No water control facilities are planned. (Not applicable.) 

6-2.1.13 Preliminary Real Estate taking line elevations 

The current real estate limits are delineated by the construction area, staging areas, and access roads and 
do not include the entire potential area of hydraulic effects. Real estate assumptions, valuations, and 
planning documents have been appropriately scaled for the current level of design. The area of potential 
hydraulic effects for Livingston Bay is dominated by storm surge. While lowering and breaching of dikes 
and channel excavation will affect the timing of flows and exposure to salinity within the site, flood 
elevations are not anticipated to change. As additional surveys, modeling, and design are completed 
during the PED phase, the real estate documentation will be modified accordingly. For the current real 
estate status, refer to the Feasibility Study, Appendix F, Real Estate Plan. 

6-2.1.14 Criteria for facility/utility relocations 

Utilities associated with the existing small pump station such as electric power lines, poles, or 
transformers will be removed as part of pump station demolition. No other utilities are known to exist in 
the site or are expected to be affected by site work. Abandonment of the Livingston Bay East culvert and 
the construction of the dike may require modification of the current drainage system on the east and 
southeast portions of the site. 



 

 

Engineering Appendix  Section 6 
Livingston Bay   Page 10 

6-2.1.15 Criteria for identification of flowage easements required for project function 

There may be flowage easements necessary for those parcels which border the site and have property 
below the elevation of 11 ft (NAVD88), the current top of dike elevation. These parcels would be subject to 
new flooding for some coastal storm events of flood levels less than 11 feet, depending on the low-lying 
areas of each property. Coastal flood events with height greater than 11 feet would not change the level of 
flooding to the property. It should be noted that the 10-year coastal flood level for this area is at 14.1 feet 
(NAVD88) (FEMA 2007b) so the the height of 11 feet is expected to be exceeded fairly often. Coastal flood 
frequencies and  expected inundation levels will be reviewed and confirmed during PED. 

6-2.1.16 Criteria in support of project OMRR&R requirements 

Monitoring needs associated with the hydraulic function of the site are as follows: 

• The newly excavated distributary channel network within the site should be monitored to confirm 
that it is developing as anticipated and that re-occupation of existing drainage channels is 
minimized. 

• Roadway embankments and slope protection on roads adjacent to the site will be monitored for 
signs of scour at an interval to be determined during PED. 

• Shoreline areas near the mouth of the tidal inlet as well as downdrift of the site will require 
periodic monitoring to observe whether excessive sedimentation or wood accumulation is 
occurring that affects the tidal range or impacts habitat or private properties. Also, formation of 
ebb and flood shoals may impact sand and sediment availability on the shore. 

• Periodic inspection of the dike and culverts draining into the site, if any, will be required to ensure 
their stability and identify maintenance issues. 

• The nourished beach should be monitored to confirm that the beach face is developing as 
anticipated. 

• Salinity and pollutant monitoring should be carried out to confirm no significant impacts to water 
quality. 

6-2.1.17 Environmental engineering considerations 

In the context of hydrology and hydraulics, environmental engineering is taken to mean water supply and 
sanitation. 

Water Supply 

No known water supply lines would be affected by the restoration. It is unlikely that any private 
groundwater wells will be affected by salinity intrusion from increased tidal prism. Location and depth of 
any wells in the area of potential hydraulic effect will be reviewed during PED. 

Sanitation 

No known sewer lines or outfalls would be affected by the restoration. The residences on Livingston Bay 
Shore Drive and to the north of the site are presumed to be on septic systems. Effects of increased tidal 
prism on septic leach fields will be reviewed during PED. 

6-2.2 Residual Flooding Consequences – With Project Flooding 
This section discusses the predicted hydraulic conditions after construction of the site. 

6-2.2.1 Warning time of impending inundation 

Livingston Bay is presently an ungauged catchment area. Aside from regional warnings for possible 
flooding, no warning system is planned. (Not applicable.) 
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6-2.2.2 Rate of rise, duration, depth, and velocity of inundation 

Flooding in Livingston Bay is dominated by tides and storm surge. With the lowering and breaching of the 
dikes, the rate of rise as well as duration and depth of inundation in the upstream parts of the embayment 
will be driven by the change in water levels around Port Susan. Unsteady flow analysis or flood flow 
routing are not required for this site. The depths and velocities at the dike breach and in the tidal channels 
due to tidal prism will be evaluated during PED in order to design breach openings and assess flow effects 
in and around the site. 

6-2.2.3 Historic, 1% and 0.2% exceedance (100-year and 500-year) flood extents 

Flooding in Livingston Bay is dominated by tides and storm surge. Discharge from the local watershed is 
not likely to significantly affect peak water levels, even for the estimated 100‐year event. The 100-year 
base flood elevation for Livingston Bay as determined by FEMA is 15.1 feet (NAVD88) (FEMA, 2007b). 
Flood elevations will be reviewed during PED and revised if necessary. 

6-2.2.4 Access and egress problems created by flooding 

The entire site lies below the 100-year flood elevation, but there are no improved roads to or across the 
site. In this sense, there is minimal loss of access or egress during flood events. 

6-2.2.5 Potential for loss of life as a result of 6-2.2.1 through 6-2.2.3 

The potential for loss of life as a result of the proposed work at the site is low. Areas within the site will be 
inundated more often for low return interval coastal floods and high tides. However, the entire site lies 
within the 100-year floodplain and is not likely to be occupied by people during floods. Recreational use of 
the site should be discouraged if a possibility of flooding exists. 

6-2.2.6 Identification of any potential loss of public services 

There are no public services within the site. (Not applicable.) 

6-2.2.7 Potential physical damages 

Potential physical damages that can occur during flooding will be addressed by the hydraulic analyses 
conducted during PED. This will include an evaluation of the need for stabilization of dike breaches and 
will address the issues of erosion and sedimentation in the areas in and adjacent to the site.  

6-2.3 Project Induced Flooding – Change from Pre-Project Conditions 
This section describes the effects of the restoration on flood elevations, flood patterns, and flood 
frequency.  Induced flooding was considered in the project formulation resulting in the plan for a dike to 
maintain the same level of flood protection as for pre-project conditions. There are approximately 26 
residential houses that would be protected by the proposed dike at Livingston Bay, covering an area of 7.4 
acres. For discussion of the preliminary real estate valuation and the estimated construction costs for the 
dike, please refer to Section 6.4.1 of the Draft Feasibility Report/Environmental Impact Statement. 

6-2.3.1 Information categories required by 6-2.2 

Flooding in Livingston Bay is dominated by tides and storm surge. Discharge from the local watershed is 
not likely to affect peak water levels, even for the estimated 100‐year combined stream flow and tidal 
event. Breaching and lowering of the dike at the site is not anticipated to significantly affect peak water 
levels during the 100-year flood. Water levels within the site during smaller flood events will be affected 
by the increased tidal prism and the availability of new inflow pathways to the site. The increased flow in 
the site is a goal of the restoration effort. 
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6-2.3.2 Anticipated frequency of induced flooding 

Although the proposed work is expected to increase tidal flows and the frequency of flooding within the 
site, it is not expected to substantially alter the frequency of flooding in Livingston Bay outside the site 
boundaries. 

6-2.4 Inundation Risk 0.2% Exceedance (500-year Return Interval) Flood 
Work at the site is not anticipated to change the frequency of flooding, or to appreciably change the 500-
year flood limits in Livingston Bay. The principal risk for the 500-year flood in this area is due to sea level 
change (refer to Section 6-2.1.9). 

6-2.5 Hydraulic Studies  
This section discusses the hydraulic studies, construction considerations, and instrumentation and 
monitoring needs for the site. The anticipated hydraulic studies at this site are summarized in Section 6-
21. 

6-2.5.1 Hydraulic roughness determinations 

No hydraulic roughness determination is currently planned. If a hydraulic roughness determination is 
required to complete hydraulic analyses, then roughnesses will be determined using a combination of 
aerial photographs and field surveys during PED. 

6-2.5.2 Water surface profiles 

Since flooding in Livingston Bay is dominated by tides and storm surge, no water surface profile 
determinations are currently planned. If water surface profiles are required to assess ecological response 
to diurnal tidal fluctuations, these will be addressed during PED. 

6-2.5.3 Stage-discharge relationships 

Water surface elevations in Livingston Bay are dominated by tides and storm surge. No stage-discharge 
determinations are planned. Discharge from the local watershed is not likely to significantly affect peak 
water levels. This will be confirmed during PED. 

6-2.5.4 Head loss 

No head loss studies are planned. (Not applicable.) 

6-2.5.5 Flow and velocity 

Flow and velocity information from hydraulic analysis will be used during PED to evaluate the effects of 
increased tidal prism on the site and to assess the possibility for sediment transport, erosion, and 
sedimentation in the site area. 

6-2.5.6 Structural sizing needed to meet design capacity including slope protection 

The hydraulic analysis conducted during PED will confirm the sizing of channels to ensure adequate tidal 
interaction. It will also evaluate the need for bank and scour protection within the site and at the dike 
breach. 

6-2.5.7 Water control facilities 

The proposed work at the site includes the demolition of an existing pump station but does not include 
any new water control facilities. Some additional culvert discharge will occur into the site once 
construction is completed. The number and capacity of new culverts discharging onto the site will be 
evaluated in PED. 
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6-2.5.8 Energy dissipating facilities 

No energy dissipation facilities are proposed. (Not applicable.) 

6-2.5.9 Erosion control requirements 

Construction 

The planned earthwork does not require dredging or water-based equipment. Overwater work will be 
completed using excavators from channel banks or access pads. Since the work includes the removal of 
internal dikes, demolition of the existing pump station, and earthmoving in and around water channels, 
appropriate in-water sediment control measures will need to be used during construction. Any in-water or 
overwater construction should follow accepted best management practices for erosion control. 

With Project 

No erosion control is anticipated outside of the construction boundaries since the goal is to reestablish 
natural erosion and sedimentation processes. Roadway embankments and any existing beach face 
protection will be monitored for signs of scour at an interval to be determined during PED. The beach 
area that will be nourished using sand from excavations should be monitored as well. Property adjacent to 
the breach will be assessed for the need of slope protection during PED. 

6-2.5.10 Existing and post-project sedimentation 

If conditions at Livingston Bay remain as they are presently, the interior of the diked area will likely 
continue to subside from lack of new sediment inflows. In the long term, the breaching and lowering of 
dikes and the evolution of the distributary channel network will allow increased tidal exchange and 
sediment inflows at the site. In the short term, the lowering and breaching of the perimeter dike and the 
excavation of channels will allow the mobilization of sediments that have been impounded in the 
channels. Shoreline properties and habitat within and downdrift of the site will likely experience some 
temporary increases in sedimentation as these sediments are transported offshore. The amount and 
potential areas of sedimentation will be evaluated during PED. 

6-2.5.11 Water control and order of work during construction 

Construction should be sequenced, with work in the interior marsh first and dike lowering and connection 
to Livingston Bay last. It may be advisable to install the dike for the community along Livingston Bay 
Shore Drive as soon as possible, to isolate the residences from possible impacts of construction. For 
further considerations refer to Section 6-2.5.9. 

6-2.5.12 Criteria for facility/utility relocations 

See Section 6-2.1.14 

6-2.5.13 Other facilities to meet project goals 

No other facilities are required in order to meet project goals. (Not applicable.) 

6-2.5.14 Instrumentation and monitoring 

A combination of field surveys and aerial photographs will be used to document biological and physical 
changes to the landscape. Monitoring data can be used to refine adaptive management and corrective 
measures, as needed. Some of the key monitoring needs and opportunities are summarized in the 
Feasibility Study. 

6-2.6 Coastal Studies 
Livingston Bay is located in the relatively sheltered northern portion of Port Susan and is only subjected 
to wind waves caused by local winds. Measurements at nearby Oak Harbor (Figure 6-2-4) show that the 
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maximum wind speeds come from the southeasterly direction and rarely exceed 30 miles per hour. The 
longest fetch length in the southeasterly direction is approximately 12 miles, which could result in wave 
heights up to 6.0 feet with a period of 7.5 seconds. These wind waves could impact some parts of the 
shoreline where the beach is being lowered. Impacts of wind waves on the formation and evolution of the 
breach area will be investigated using wind wave and hydrodynamic models during PED.  

 
Figure 6-2-5. Wind Rose for Oak Harbor  

 

Project plans formulated during the conceptual design phase for Livingston Bay are based on a MHHW 
tidal datum of 9.06 feet (NAVD88). This datum is from the tide gauge at Everett (NOAA Gauge 9447659) 
as reported at the time of writing of the CDR. Major tidal datums are summarized in Table 6-2-5 and are 
based on the tide gauge at Everett, Washington (NOAA Gauge 9447659) as reported at the time of the 
engineering feasibility analysis. Differences in tidal datum elevations can occur due to choice of reference 
tide gauge, changes in the reported data averaging period (epoch), or because of accuracy in conversion 
from metric to English units. The final design tidal datums will be reviewed and established in PED. 

Table 6-2-5. Major tidal datums for Livingston Bay, Everett (Station 9447659) 

Datum Description  
Water Level   

(ft, 
NAVD88) 

Mean Higher-High Water (MHHW) 9.06 
Mean High Water (MHW) 8.18 

Mean Tide level (MTL) 4.48 
Mean Sea Level (MSL) 4.45 

Mean Diurnal Tide Level (DTL) 3.51 
Mean Low Water (MLW) 0.77 

North American Vertical Datum of 1988 (NAVD88) 0 
Mean Lower Low Water (MLLW) -2.03 
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A summary table for the anticipated coastal studies at this site is presented in Section 6-21. 

6-2.6.1 Design of coastal shore protection projects (ER 1110-2-1407) 

This site does not include coastal shore protection. (Not applicable.) 

6-2.6.2 Effects on adjacent shores 

Outside of the site, the shoreline transitions from a barrier beach and finally to a bluffed-backed beach. 
The primary risk is an increase in sediment loading which could affect downstream intertidal and subtidal 
habitats in the nearshore. At the barrier beach and bluff-backed beach, the primary forcing processes are 
coastal wind waves and longshore sediment transport which are expected to be minimally if at all affected 
by the restoration. The effects on intertidal habitat will be evaluated during PED, using results from 
similar inlets in Puget Sound. 

6-2.7 Navigation Projects 
This site does not affect navigation. (Not applicable.) 

6-3 SURVEYING, MAPPING, AND OTHER GEOSPATIAL DATA 
REQUIREMENTS  

This section describes surveying, mapping, and other geospatial data information to support preparation 
of the Feasibility Study and the Real Estate Plan (Appendix F of Feasibility Study). A brief outline of 
additional surveying and mapping required for design, plans and specifications, construction, and 
operations is also included. 

6-3.1 Surveying, Mapping, and Other Geospatial Data Information Used 
Geospatial data for the Livingston Bay site were obtained primarily from remote sensing applications. No 
site-specific topographic, bathymetric, property, or utility surveys were conducted during the conceptual 
design phase. LiDAR, aerial imagery, and other geospatial data were used to delineate topographic 
features, determine surface elevations, and to estimate areas, volumes, lengths, and other dimensions of 
key features using CAD and/or ArcGIS. High-resolution LiDAR was obtained from the Puget Sound 
LiDAR Consortium (2001 LiDAR; 3m grid; State Plane projection in NAD83 [horizontal datum] and 
NAVD88 [vertical datum]; available at 
http://pugetsoundlidar.ess.washington.edu/lidardata/index.html). The Puget Sound Digital Elevation 
Model was used for combined bathymetry and topography of the Puget Sound lowland (Finlayson D.P., 
2005; University of Washington; State Plane projection in NAD83 [horizontal datum] and NAVD88 
[vertical datum]; available at http://www.ocean.washington.edu/data/pugetsound). Recent aerial 
photography (Aerials Express, 5/15/2009, 0.3m resolution, 2.45 m accuracy) was evaluated to determine 
recent site conditions. The conversion from Mean Lower Low Water (MLLW) to North American Vertical 
Datum (NAVD88) and to the NGVD29 datum was derived from the Everett tide gauge (#9447659).  

Information on land ownership was derived from the Washington Public Lands Database. Additional 
parcel data, including parcel boundaries, was obtained from the Island County assessors’ office (2010). 
Information on utilities, existing roadway geometry, and other site features was generally scaled off of 
aerial photographs because as-built drawings were not available. A site reconnaissance was performed in 
October 2010 at high tide.  

Designers consulted the Nearshore Geodatabase for additional site context. The Nearshore Geodatabase is 
available from the Washington State Geospatial Data Archive at: 
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP. Metadata are provided in the 
Geospatial Methodology Used in the PSNERP Comprehensive Change Analysis of Puget Sound (Anchor 
QEA et al., 2009) (Annex B). The geodatabase includes numerous datasets listed below: 

http://pugetsoundlidar.ess.washington.edu/lidardata/index.html
http://www.ocean.washington.edu/data/pugetsound
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP
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• Shoreline • Overwater structures 

• Bathymetry • Marinas 

• Digital Elevation Model (DEM) • Armoring 

• LiDAR (terrestrial) • Breakwaters/jetties 

• Oblique aerial imagery (from the Washington 
Coastal Atlas) 

• Groins 

• Hydrographic sheets  • Dikes 

• Geology • Dams 

• Slope stability • Nearshore fill 

• Drift cells (net shore-drift) • Roads 

• Streams • Railroads 

• Impervious surfaces • Land cover 

Designers also consulted the University of Washington Puget Sound River History Project 19th Century 
Coast Survey Topographic Sheets (2009) for information on historical geomorphic conditions. Conceptual 
designs were intended to replicate historical conditions and remove stressors to nearshore processes to 
the extent practicable and feasible; as a result these datasets informed the selection of restoration 
strategies and features. Designers created additional GIS data layers (point files, line files, and polygon 
files) to represent civil design features such as areas of lowland excavation to be depicted on the plan view 
drawings. Designers also created simple line drawings in CAD to represent typical sections and estimate 
quantity take-offs but did not do any surface modeling.  

6-3.1.1 Additional survey and mapping required 

Substantial additional information will be required at the preliminary and later design stages to refine the 
design assumptions, confirm real estate requirements, and develop plans and specifications. Additional 
survey, mapping, and other geospatial data needs include the following: 

• Property/Utility Survey – More detailed information on property boundaries and utilities will be 
needed for the design and to support real estate negotiations.  

• Topographic/Bathymetric Survey – The conceptual design was based on LiDAR and aerial 
photos, which have inherent inaccuracies. Surveys will be required along the tidal channel 
alignment including the breach location, interior channel profile, locations of proposed dike 
removal and flood risk reduction dike construction, and sections of existing drainage channel 
along the west end of the site. Surveys should also include drainage ditch sections, existing 
structures, etc. The survey data would be used to refine design of key project elements and 
develop detailed construction and demolition plans. Survey data could also be used as a baseline 
for pre- and post-construction modeling and to understand tidal durations (how many hours a 
day will the marsh be flooded) for plant survival. A temporary tide gauge may be required in the 
early design stages to obtain site-specific tidal statistics.  

6-3.1.2 Timeline for incorporation of new mapping or other geospatial data 

Planning, design, and implementation are expected to take several years. The site-specific surveys 
identified above are standard components of the design process and should be completed in the early 
stages of PED to ensure that the design work proceeds efficiently. Incorporating these data into the design 
process is not expected to delay the project. 
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6-4 GEOTECHNICAL 
This section describes the geologic setting of the site, previous and recommended studies, and proposed 
geotechnical explorations relevant to design features. 

6-4.1 Geotechnical Information 

6-4.1.1 Regional and site geology 

Regional geologic mapping from the Washington State Department of Natural Resources indicates 
geologic features on the site include alluvium deposits and fill (af) (Schasse et al., 2009). The alluvium 
deposits are classified as both marsh (Qm) and beach deposits (Qb), with the marsh deposits within the 
diked interior and the beach deposits along the southern shoreline. The marsh deposits are typically silty 
clay with layers of peat and other organic material. The dikes along the shoreline are composed of fill 
originating from local sediment, ranging from silts and clays to sands and gravel. Surrounding geology 
outside of the site is mainly glacial till. The geologic map is shown in Figure 6-4-1. 

 
Figure 6-4-1. Geologic Map of Livingston Bay 

The Soil Survey of Island County, Washington maps four soil types in the site vicinity: Puget silty clay 
loam, beaches-endoaquents, Mitchellbay gravelly sandy loam, and Semiahmoo muck (Ness and Richins, 
1958).  

Most of the site contains Puget silty clay loam. This soil is observed in tidal flats and consists of silty clay 
deriving from alluvium. This land has been diked and converted for agricultural use. 
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6-4.1.2 Completed explorations 

No subsurface explorations have been completed for the site. All subsurface information is based on soil 
surveys and geologic mapping. No well logs near the site were available from the Washington State 
Department of Ecology. See Section 6-4.3 for the proposed subsurface exploration plan. 

6-4.1.3 Selection of preliminary design parameters 

Based upon research of soils and geology, subsurface soils on the site likely consist mostly of silty clay in 
the interior and sand along the shoreline. There are no plans to construct new structures. Therefore, no 
preliminary design parameters have been developed for this report. Soil parameters will need to be 
developed for the proposed dike once a suitable borrow source has been identified. 

6-4.1.4 Geophysical investigations 

No geophysical investigations have been conducted or are recommended. (Not applicable.) 

6-4.1.5 Groundwater studies 

No groundwater studies have been conducted for geotechnical design. Groundwater elevation is 
dependent on the water surface elevation of Puget Sound and inflows from the surrounding hillside.  

6-4.1.6 Recommended instrumentation 

No instrumentation is recommended. (Not applicable.) 

6-4.1.7 Earthquake studies  

No earthquake studies have been conducted or are recommended. There are no proposed structures or 
features requiring seismic design. (Not applicable.) 

Earthquake loadings are not normally considered in analyzing the stability of dikes because of the low risk 
associated with an earthquake coinciding with periods of high water. Depending on the severity of the 
expected earthquake, the importance of the dike, and the duration of flood event, seismic analyses to 
determine stability and liquefaction susceptibility may be required. This is not anticipated for this site. 

6-4.1.8 Preliminary engineering analysis 

The proposed dike should be designed in accordance with USACE Engineering Manual 1110-2-1913 
Design and Construction of Levees. For dikes constructed on soft subsurface conditions, stability and 
long-term settlement analyses are typically performed. Due to the low height of the dike, approximately 5 
feet, it is likely these analyses will not be extensive and the results will not significantly affect the proposed 
design and construction recommendations. 

6-4.1.9 Excavatability analysis 

Excavation will include removal of dikes and reestablishment of a marsh channel network. No 
explorations or construction records were located, and therefore the dike embankment material is 
unknown. Based on soils and geology maps, the embankments likely consist of a combination of compact 
silt, clay, and sand. No bedrock or large boulders are anticipated; therefore, no blasting should be 
required. Majority of excavation will include the existing dike embankment composed of locally generated 
materials and native/agricultural soils within the proposed channels. Excavation of the dikes and 
channels will likely be accomplished by excavator and/or bulldozer. 

6-4.1.10 Anticipated construction techniques and limitations 

Excavation of the interior tidal channel network may be accomplished year-round using dozers and 
excavators due to the existing dikes and drainage ditches. Excavation of the dike breach should be 
scheduled to coincide with low tide. 
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Construction practices and methods outlined in Engineering Manual 1110-2-1913 Design and 
Construction of Levees are recommended for dike construction. 

See Section 6-1.6.1.2 for additional construction information. 

6-4.1.11 Potential borrow sources and disposal sites 

Excavated material from dikes and channels will be sidecast for disposal. The proposed dike along 
Livingston Bay Shore Drive is the main feature requiring borrow. Excavated material from the channels 
and dikes may potentially be used as borrow. Suitability of borrow material will be investigated during 
PED. 

6-4.1.12 Potential sources of concrete and materials 

The procurement of concrete is not anticipated. (Not applicable.) 

6-4.1.13 Suitability of concrete and materials 

Suitability of concrete and materials (if required) will be evaluated at later stages of design or during 
construction. 

6-4.2 Additional Studies and Analysis 
Additional studies and analysis to be completed during PED or subsequent phases of design include the 
following at a minimum: 

• Geotechnical Investigation: subsurface explorations, testing, and field reconnaissance 

• Dike Design: stability, settlement, seepage analysis 

• Dike Breach Methodology  

6-4.3 Additional Explorations and Testing 
The proposed subsurface exploration plan consists of test pits or site probing along the existing dike 
embankments, proposed dike alignment, and along the channel excavation areas. Explorations for the 
proposed dike should be conducted in accordance with Engineering Manual 1110-2-1913. This will include 
a combination of test pits and borings along the dike alignment. Depth of borings and test pits for the dike 
should be a minimum of 10 feet and spaced approximately every 200 feet. Site probing in excavation areas 
will likely be less than 5 feet below the ground surface. Test pits will be accomplished with a backhoe or 
small excavator, and site probing uses manually operated small augers. The recommended boring method 
is mud rotary.  

Sampling in the soil borings will be accomplished using standard penetration test (SPT) with samples 
taken typically every 2.5 feet for the top 25 feet and every 5 feet for the rest of the boring depth. Proposed 
soil lab testing will include moisture content, grain size analysis, and percent finer than #200 sieve. 
Atterberg limits and consolidation tests are recommended for cohesive soils, and unconfined compressive 
strength test for rock cores. 

The subsurface exploration plan will be reevaluated and coordinated with hazardous and toxic material 
investigations during PED to include chemical sampling and testing (See Section 6-9).  

6-4.4 Laboratory-Testing Program and Evaluations 
No laboratory testing or evaluation of materials has been completed at this time.  
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6-5 ENVIRONMENTAL ENGINEERING 
This section describes environmental engineering factors relevant to the proposed design features. 

6-5.1 Use of Environmentally Renewable Materials 
At the conceptual design stage, use of environmentally renewable materials is not planned. If renewable 
materials are available they could be incorporated into the design. Specific details will be developed 
during subsequent design stages. 

6-5.2 Design of Positive Environmental Attributes into the Project 
The Livingston Bay site is one of four sites selected to address Barrier Embayment restoration objectives 
to restore sediment input and transport processes to littoral drift cells where bluff erosion sustains barrier 
beaches that form barrier embayments, and to restore the tidal flow processes within these partially 
closed systems. Restoration entails breaching a barrier berm in the historic location of a tidal inlet and 
restoring tidal flow to approximately 250 acres of diked farmland. Other restoration activities include the 
construction of a flood risk reduction dike, excavation of a tidal inlet channel, removal/lowering of dikes, 
and reestablishment of a marsh channel network through excavation of tidal channels. Although the site 
is subsided, there appears to be a plentiful supply of fine sediment in the existing mudflats that would 
allow rapid accretion and colonization of the marsh surface. The development of new tidal channel 
networks will be beneficial for sustaining a complete barrier bay ecosystem.  

6-5.3 Inclusion of Environmentally Beneficial Operations and Management for 
the Project 

Design and construction will incorporate sustainable and ISO 14000 compliant practices for operations 
and management. The USACE Environmental Operating Principles (EOPs) are designed to provide 
direction on achieving better stewardship of air, water, and land resources while showing the connection 
between managing those resources and protecting environmental health. The EOPs are to ensure that 
USACE actions consider the environment and are sustainable now and in the future. 

6-5.4 Beneficial Uses of Spoil or Other Project Refuse during Construction and 
Operation 

At the conceptual design stage, reuse is planned for the dike sandy material, woody debris, and scattered 
rock debris which will be removed and placed on the adjacent beaches. Dike and channel excavation 
material will be used to construct the new flood risk reduction dike, sidecast berms, and ditch blocks. 
Sandy fill generated from breach excavation will be used to nourish the existing beach downdrift of the 
breach. If spoils or other refuse materials are available for reuse, they could be incorporated into the 
design. Specific details will be developed during subsequent design stages.  

6-5.5 Energy Savings Features of the Design 
At the conceptual design stage, energy savings features have not been incorporated. In accordance with 
the EOPs, energy savings features will be a component of the design to the maximum extent practicable. 

6-5.6 Maintenance of the Ecological Continuity in the Project with the 
Surrounding Area and Within the Region 

The restoration will increase ecological continuity in the site and with the surrounding area. This is one of 
several sites designed to restore the productivity and increase interconnectivity of the Puget Sound 
ecosystem. 
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6-5.7 Consideration of Indirect Environmental Costs and Benefits 
Indirect environmental costs and benefits will be evaluated during environmental assessments developed 
for each project at a later date. 

6-5.8 Integration of Environmental Sensitivity into all Aspects of the Project 
Construction will be conducted to minimize deleterious impacts to the ecosystem that may occur over the 
long term. Best management practices will be incorporated into the contract documents. Most 
management practices will cover erosion and sediment control, stormwater management, spill response 
and hazardous material management, trash and debris management, air emissions from construction 
vehicles, and noise standards. 

6-5.9 The Perusal of the Environmental Review Guide for Operations (Ergo) 
With Respect to Environmental Problems That Have Become Evident At 
Similar Existing Projects and, Through Foresight During This Design 
Stage, Have Been Mitigated/Addressed in The Project Design 

This is not a USACE operating facility. (Not applicable.) 

6-5.10 Incorporation of Environmental Compliance Measures into the 
Project Design 

All applicable laws and regulations will be followed during design and construction in accordance with the 
USACE contract documentation.  

6-6 CIVIL DESIGN 
This section discusses the key elements of the civil design, including the selection of the site, basis of 
design, and constructability. 

6-6.1 Site Selection and Project Development 
The Livingston Bay site was selected because it represents an opportunity to restore tidal hydrology to 
several hundred acres of barrier embayment salt marsh near the Stillaguamish River delta. The delta 
provides vital rearing habitat for salmon, steelhead, and other fish species due to its proximity to the 
mouth of the Skagit River. The restoration includes breaching the barrier berm at the western end of the 
beach where a tidal inlet to Livingston Bay once existed. A new inlet channel would be excavated at the 
breach location to restore the hydraulic connection between the bay and the marsh. The existing pump 
station would be demolished and removed from the site. To encourage development of the tidal channel 
network, internal dikes would be lowered to marsh plain elevations and internal drainage ditches would 
be filled. Additional channels would be excavated throughout the site to increase development of the tidal 
channel network. A new flood risk reduction dike would be constructed on the north side of East 
Livingston Bay Shore Drive to protect existing residential infrastructure. In addition, the East Livingston 
Bay culvert may need to removed or abandoned and the flows that normally go to this culvert may have to 
be re-routed. The precise location of the culvert is not known and it not clear at this time whether a new 
drainage system will have to be designed, but at the minimum the flows on the east side of the site will 
have to be diverted into the site using existing slopes, ditches into the site or another culvert. Additional 
analysis of this drainage issue will occur during PED. A restoration alternative that proposed a greater 
amount of tidal channel excavation was considered but not selected for detailed analysis. 

The lack of development within the former salt marsh will allow for the restoration of almost all of the 
processes and functions that sustain a complete barrier bay ecosystem. Although the site is subsided, 
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there appears to be a plentiful supply of fine sediment in the existing mudflats that would allow rapid 
accretion and colonization of the marsh surface, and which would help sustain the marsh in the future 
withchanging sea level. High sedimentation rates would assist in the rapid evolution of a tidal drainage 
network.  

Table 6-6-1 summarizes the key design elements associated with the restoration. Annex 1 contains 
exhibits that depict the proposed restoration and quantity estimates for design elements. 

Table 6-6-1. Key Design Elements 

Civil Design 
Element  Description of Element Approx. 

Quantity 

Excavate New Tidal 
Inlet through Beach 

Excavate 300-foot-wide opening in western end of barrier 
beach (at historic tidal inlet location), which comprises a 
main deep channel (180 feet wide) and additional lowered 
area (120 feet wide) to provide room for flow and sediment 
movement; assume bottom width of approximately 40 feet 
at an elevation of approximately -7 feet (NAVD 88) in the 
main channel on the western side and the lowered bench at 
elevation 4 feet (NAVD88) on the eastern side; volume of 
approximately 100 CY per LF for 205LF. 
Remove rock, large woody debris, and lower barrier berm 
from 700 LF at the breach location and redistribute 
elsewhere on the beach 

25,000 CY 

Lower Internal Dikes Lower dikes in eastern portion of site to marsh plain 
elevations; approximately El 4 to 6 NAVD88. Approximately 
590 LF for east dike and 780 LF for further east dike;  
assume volume of approximately 3 CY per LF  

4,200 CY 

Excavate Tidal 
Channels and Starter 
Channels 

Excavate approximately 8,500 LF of tidal channels (4th and 
5th order) and approximately 4,300 LF of starter channels 
through the site based upon the relict channel pattern to 
expedite evolution of the marsh channel system; assume 
5,500 LF at 28CY per LF, 3,000 LF at 3.3 CY per LF, and 
4,300 LF at 2 CY per LF 

172,500 CY 

Sidecast excavated material to create low, unconsolidated 
berms with elevations below MHHW  

165,000 CY 

Block existing drainage ditches using excavated materials to 
filter flows from upslope into the marsh and out through the 
breach. Ditch blocks are similar in final elevation as the 
berms  

1,300 CY 

Build New Dike Build new flood risk reduction dike along East Livingston 
Bay Shore Drive with crest elevation of 13 feet MLLW (11 
feet NAVD88); assume volume of approximately 5.7 CY per 
LF for 2,000 LF; material sources potentially are dike 
excavation and from channel excavation 

11,500 CY 

Remove Pump 
Station and 
Associated Utilities 

Remove existing pump station building and associated 
power poles (~10) and power lines 

5,600 SF 

Nourish Beach with 
Excavated Tidal 
Inlet Material 

Nourish beach using 25,000 CY of suitable sand fill from 
excavation of tidal inlet. Assumes 10-foot-high shore profile 
(-0-foot to +10-foot MLLW), for 0.4 CY per SF of beach.  

60,000 SF 
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6-6.1.1 Basis of design 

The restoration of this site is designed to restore ecosystem processes and reestablish natural geomorphic 
conditions. The civil design is based in part on historical conditions as evidenced by 19th Century Coast 
Survey Topographic Sheets (Figure 6-6-1). Post-restoration site conditions are intended to resemble or 
replicate the historical morphology to the extent feasible.  

 

 
Figure 6-6-1. Historic Map (T-Sheet) and River History Project Data  

To reintroduce tidal hydrology to the area of diked farmland, the berm at the western end of the bay 
would be breached, at the approximate historic location of a tidal inlet. The material from the breach will 
be sidecast and used to create training berms that will run along the new inlet channel into the site, while 
sand, woody material, and scattered rock debris will be removed and placed on the adjacent beach. The 
western 200 feet of the breach, forming the main inlet channel, will be lowered to an elevation of -7 feet 
(NAVD88) (see Section 6-4.1 for a description of data sources used during conceptual design). The 
eastern 100 feet of the breach will be lowered to 4 feet (NAVD88) to allow the inlet to erode and migrate 
as required. The breach was sized according to the tidal inlet sizing of the Applied Geomorphology 
Guidelines and Hierarchy of Openings (an attachment to this engineering appendix) and compared to an 
adjacent analog site to the west of Livingston Bay at Barnum Point (See Section 6-2.1.9). The design 
assumes that the inlet will naturally resize to accommodate the tidal prism. The proposed tidal inlet will 
be evaluated further during PED to determine the appropriate depth, width, and section to maintain an 
open tidal system.  

Sandy fill generated from breach excavation will be used to nourish the existing beach downdrift of the 
breach. Over time, littoral processes would rework the sand, rebuild the beach berm, and deposit sand 
within the excavated breach to develop an equilibrium between tidal forces and wave action. Flood and 
ebb shoals will likely form after excavation of the tidal inlet, as flows in and out of the site move sediment 
into equilibrium geomorphic forms. 

Starter channels will be excavated throughout the marsh based upon the relict tidal channel pattern to 
allow gradual and natural development of a channel network based on tidal circulation processes. 
Material from the channels will be sidecast as low, unconsolidated berms with elevations below MHHW to 
create heterogeneity on the marsh plain and reduce costs associated with double handling. Lengths and 
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widths of the sidecast berms can be increased to handle additional material as long as the berm heights 
are lower than supratidal elevations.  Gaps will be left in the berms to allow small channels to develop 
naturally. The existing drainage network would be modified to filter all flows from upslope into the 
wetland and out through the breach. Ditch blocks would be constructed to block the existing straight 
drainage channels. Both ditch blocks and sidecast berms will be constructed with material excavated from 
the channels. The ditch blocks would be earth embankments that extend across the ditches, with similar 
final elevation as the berms. The berms are composed of sidecast material mostly within reach of an 
excavator. Low height (e.g., around MHHW), flat sloped geometry would be used. Typically, the berms 
would be "dressed" by dragging an excavator bucket or timber mat across them to increase density 
without compaction.  

Inundation of the Livingston Bay Community would be reduced by construction of a new flood risk 
reduction dike along the north side of East Livingston Bay Shore Drive. The new dike would grade into 
rising ground to the south and the east. Flood risk reduction dikes would not be required elsewhere 
because the dike area grades into rising land. Material for the new dike would be generated from channel 
excavation and dike lowering, and would require transport, placing, and compaction. Further evaluation 
of whether this material is suitable for a new flood control dike will be performed in PED. The new dike 
will be hydroseeded for erosion control. The marsh will not be planted because vegetation is expected to 
colonize naturally.  

The main constraint for the restoration may be the degree of subsidence on the site. The large amount of 
sediment available from the adjacent mudflats should result in high sedimentation rates. Sediment 
characteristics should be evaluated further to confirm assumptions about the site’s sediment budget and 
expected site evolution. 

6-6.1.2 Constructability 

The present diked and drained nature of the site would allow for construction of the interior tidal channel 
network year-round. The upper portions of the tidal channel network could be constructed primarily with 
upland equipment, including excavators, bulldozers, and/or front-end loaders. Some of this equipment 
will likely be track-mounted. The new dike along Livingston Bay Shore Drive will require borrow 
materials.  

Internal dikes may be lowered with upland equipment mentioned previously. Placement of fill within the 
existing drainage ditches would require work with bulldozers and/or front-end loaders. The existing 
barrier beach may be lowered primarily with excavators, and the material will likely be spread with 
bulldozers. Removal of large woody debris would require work with dozers. The woody debris and rock 
may be redistributed along the fringe of the restored marsh site. The breach would require work with 
excavators.  

See Section 6-10 for additional information on construction procedures and Section 6-20 for the 
anticipated schedule for construction. 

6-6.2 Real Estate 
Real estate assumptions, valuations, and planning documents have been appropriately scaled for the 
current level of design. As additional surveys, modeling, and designs are completed during PED, the real 
estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, Appendix F, Real Estate Plan. 

6-6.3 Relocations 

The existing pump system used to dewater the agricultural fields would need to be abandoned and 
removed from the site. The Livingston Bay east culvert will be closed off. All the runoff from Drainage 
District 5 will be filtered through the restored salt marsh and into Livingston Bay. Electric power lines, 
power poles, or other utilities associated with the existing pump station would also be removed. No 
relocations are anticipated. Additional utilities associated with the nearby residential community that 
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were not identified during conceptual design may be present in the area. A utility survey will be completed 
during PED. The known utility relocations are summarized in Table 6-6-2. 

Table 6-6-2. Utility Relocations 

Facility / Utility Activity Subsequent Design 

Pump station and 
associated power poles, 
power lines, and other 
utilities 

Removal of 2,600 LF 
power lines and ~10 
power poles 

Future design may want to consider relocating 
the pump station rather than removing it. 
However, this will require additional land 
acquisition and determination if there is an 
actual need.  

Sanitary sewer septic  
systems Unknown at this time   Septic systems will be analyzed during PED. See 

Section 6-2. 

Existing culverts and 
drainage facilities 

Reroute east bay 
drainage to be 
designed during PED 

Culverts and other existing drainage features 
will be analyzed during PED. Analysis should 
include maintaining vehicle access to these 
facilities. 

6-7 STRUCTURAL REQUIREMENTS 
This section discusses the structural elements of the proposed restoration including preliminary design 
requirements and criteria for bridges or roads, a description of major structures and construction 
considerations, and recommended analyses. 

6-7.1 Functional Design Requirements and Technical Design Criteria  
No bridges or structures are planned as part of this restoration. (Not applicable.) 

6-7.2 Survey, Hydrologic, Hydraulic, and Geotechnical Data Used  
No bridges or structures are planned as part of this restoration. (Not applicable.) 

6-7.3 Site Selection Studies 
The site selection is summarized in Section 6-6. 

6-7.4 Major Structures 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

6-7.5 Describe Evaluation and Selection of Substructure Alternatives Based 
On Economy and Performance 

No bridges or structures are planned as part of this restoration. (Not applicable.) 

6-7.6 Construction Considerations 
No new bridges or structures are planned as part of this restoration. Construction access will be via the 
existing roadways. (Not applicable.)   

6-7.7 Stability Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 
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6-7.8 Stress Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

6-7.9 Thermal Stress Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

6-7.10 Other Analyses 
Not applicable. 

6-7.11 Additional Studies, Tests, Analyses 
No bridges or structures are planned as part of this restoration, so additional structural studies are 
unnecessary. Additional investigation and studies may be required for permitting or other site 
requirements unrelated to the infrastructure. See Section 6-21 for a complete list of recommended 
additional studies and investigations. 

6-8 ELECTRICAL AND MECHANICAL REQUIREMENTS   
See Section 6-6.1 and 6-6.3 for a summary of electrical relocation electrical requirements  applicable to 
this site.  

6-9 HAZARDOUS AND TOXIC MATERIALS 
An Environmental Site Assessment Level I survey was completed by the project sponsor on 24 
Feb 2011 . The Phase I site visit did not report any previous uses that might indicate potential 
hazardous substances or other environmental problems. No buildings were examined for 
presence of asbestos or lead-based paint. The site historically was used for agricultural and 
grazing. Common chemicals associated with agricultural usages include pesticides and 
herbicides some persistent. There is the potential for pesticides and herbicides to be present in 
the project site from uncontrolled runoff off the residential properties located just east of the site.   

A review of the Washington Department of Ecology Facility/Site (provides information on 
facilities and sites of environmental interest see figure below) and EPA EnviroFacts database 
was accessed on 10 March 2014. A facility which has been given a site ID may be associated 
with a permitted generator, stormwater discharge permit, or storage facility etc. ID numbers are 
not necessarily limited to those sites where a release occurred. If a release occurred and is under 
investigation, there is a possibility that the facility may be further investigated and then listed on 
the Confirmed and Suspected Contaminated site list or the Hazardous Sites list. 

There are four permitted hazardous waste generators located on Hwy 532 in the project vicinity. 
The Impressions Worldwide site is registered in the EPA Facility Registry System as a hazardous 
waste generator site and is adjacent to the project (Ecology FS ID 11336829). The facility is 
noted as in compliance as of the last update 19 Jan 2011. No other sites were located near the 
project site. No listed sites are located within the project footprint. None of the facilities are on 
the Ecology Confirmed and Suspected Contaminated Site List for Island County (only lists sites 
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that are undergoing cleanup or awaiting further investigation) nor the Hazardous Sites List (only 
lists sites that have been assessed and ranked - updated Feb 26, 2014). 
 

 

6-10 CONSTRUCTION PROCEDURES AND WATER CONTROL 
PLAN    

The proposed restoration will involve earthwork and exposure of bare ground during dike lowering, beach 
nourishment, and pump station removal. At this stage of design, it is assumed that standard best 
management practices will be implemented to control erosion and sedimentation and ensure construction 
areas are stabilized as needed to prevent adverse impacts. A standard temporary erosion and sediment 
control plan will be developed during PED.  

The proposed restoration will also involve in-water work during excavation of the new tidal inlet. Work 
will be sequenced to minimize exposure to the tides. Channel excavation and stabilization of exposed soils 
will take place prior to excavation of the new tidal inlet and lowering of internal dikes. Specific best 
management practices will be identified during PED to address work along the beach. 

Specific measures for construction procedures and water control will vary depending on the location and 
nature of the work. State and federal resource agencies will impose specific timing restrictions on in-water 
work to protect fish and wildlife. In addition, specific measures may be required under site-specific permit 
requirements and to protect downstream infrastructure or built environments. The erosion and water 
quality control plan will also need to consider and incorporate the findings of future analyses for 
hazardous and toxic materials at the site (as described in Section 6-9). A complete description of best 
management practices will be determined during PED. 
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6-11 INITIAL RESERVOIR FILLING AND SURVEILLANCE PLAN  
The proposal is for ecosystem restoration. (Not applicable.) 

6-12 FLOOD EMERGENCY PLANS FOR AREAS DOWNSTREAM OF 
CORPS DAMS  

The proposal is for ecosystem restoration. (Not applicable.) 

6-13 ENVIRONMENTAL OBJECTIVE AND REQUIREMENTS  
All necessary information to develop designs, plans, and specifications, and to execute construction and 
operations is included in the Project's supporting documents including the U.S. Fish and Wildlife Service 
report titled "Strategic Restoration Conceptual Design - Preliminary Environmental Contaminant, 
Cultural Resource, and Endangered Species Site Evaluations.". The environmental information developed 
for the analysis in the Environmental Impact Statement provides additional environmental objectives and 
requirements for final site design development. As summarized in Section 6- 6, Civil Design, substantial 
environmental information was developed for the Feasibility Study regarding environmental problems, 
opportunities, and constraints such that the Corps could estimate costs of the restoration sites and 
prepare the Real Estate Plan.  

6-14 RESERVOIR CLEARING 
The proposal is for ecosystem restoration. (Not applicable.) 

6-15 OPERATION AND MAINTENANCE (O&M) 
Operation and maintenance costs for the Livingston Bay restoration are associated with lowering existing 
dikes and constructing a new flood risk reduction dike. Overall, there would be a decrease in annual O&M 
costs, estimated at $14,340 per year on average over a 50-year period of analysis. This decrease is due to 
the large length of existing dikes that would be removed and not replaced.  

At the current level of site design, all O&M activities have not been identified. Additional assessment of 
O&M activities will be conducted during PED. 

6-15.1 33CFR Part 208 Projects 
The proposed site is not a flood control project to be maintained and operated according to regulations in 
33 CFR 208. (Not applicable.) 

6-15.2 Channel or Basin Clean Out Projects 
No channel or basin cleanout activities are proposed. (Not applicable.) 

6-15.3 Multiple-Purpose, Complex Projects with Power Production 
No power production is proposed. (Not applicable.) 

6-15.4 Frequency and Cost of Maintenance Dredging 
No maintenance dredging is proposed. (Not applicable.) 
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6-16 ACCESS ROADS   
No access roads are anticipated. However, new access roads may be needed if new culverts are required. 
This will be determined during PED. Access during construction will be provided from the existing 
roadway.  

6-17 CORROSION MITIGATION 
No new infrastructure is proposed, and therefore corrosion mitigation is not applicable to this site.  

6-18 PROJECT SECURITY 
The proposal is for ecosystem restoration. (Not applicable.) 

6-19 COST ESTIMATES  
The Livingston Bay cost estimate of $13,082,000 (1Q FY2015 dollars) consists of costs to create 
tidal channels at a site on Camano Island adjacent to Livingston Bay. Currently this site is used 
for agriculture and has protective dikes, a dewatering pump, and drainage ditches to assist in 
agricultural production. Over the course of the project the existing dikes will be leveled, the 
drainage ditches blocked, and the dewatering system removed. In order to accelerate a return to 
the natural environment, inlet and tidal channels will be created. From the excavated soil, a new 
dike will be created to protect houses at the southeast corner of the project site. The largest cost 
driver is the cost to create the tidal channels and starter channels.  Other substantial cost drivers 
include the removal of the log debris and rocks, and removing and lowering the existing dikes.  

Following a formal cost and schedule risk analysis meeting held on July 16, 2012, a contingency 
of 39% was developed.  This risk analysis was revisited in 2014 by NWS Cost Engineering.  
Larger risk items in this project include the possibility that the roads will need to be improved in 
order to bring trucks on site and the possibility that landowners will be unwilling to sell their 
property.  At present, there are several landowners who are not willing sellers. The most likely 
change due to these risks would be an increase in the dikes, resulting in an increase in 
construction cost.  Potential schedule increases include the risk that the acquisition process will 
hire inefficient contractors, and slowdowns due to communication issues between stakeholders. 

Issues not directly related to cost include the stability of the dike breach.  Littoral drift at the 
dike breach opening may lead to instability or obstruction of the breach by sediments or debris.  
To avoid this, breach design, modeling, and evaluation of sedimentation potential will need to 
be done during PED.  A monitoring plan will be need to track for potential problematic 
sedimentation patterns. 

Furthermore, there may be issues related to drainage of existing properties. Many of the 
properties surrounding the diked farmland drain into the farmland through overland 
flow/ditches. The breach of the dike will affect drainage patterns, especially for properties 
surrounded by the new dike.  Surface drainage systems may need to be designed during PED, 
and flowage easements may be required. 
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Finally, there may be water quality concerns due to agricultural inflows and increased tidal 
prism (affecting wells, septic systems, and groundwater in surrounding area). Engineering 
analysis of water quality implications of drainage changes and increased tidal prism will be 
needed during PED. Establishment of a monitoring plan in the event of problematic water 
quality outcomes (post project) 

Opportunities to reduce project cost include a possibility that fuel costs could decrease once the 
project goes to construction. Fuel prices are unpredictable, so there is a possibility that they 
could decrease.   However, this is an event that is not within the project’s control. 

6-20 SCHEDULE FOR DESIGN AND CONSTRUCTION  
The proposed restoration at Livingston Bay is considered to have medium complexity. Based on 
the level of complexity, the anticipated design period for the site is approximately 3 years. This 
includes preparation of final design, plans and specifications, and the construction contract. 

The anticipated construction period for dike removal and channel construction is approximately 
17 weeks. Any in-water construction activities will take place during established work windows. 
The present diked and drained nature of the site would allow for construction of the interior 
tidal channel network year-round.  

Property acquisition and permitting timelines are not included in this duration. The time 
required to complete these upfront activities is unknown, but is assumed to be relative to the 
design schedule length. 

6-21 SPECIAL STUDIES 
Table 6-21-1 summarizes recommended studies and additional investigations needed to support 
subsequent stages of design and implementation. Unless otherwise noted, these studies are 
recommended to take place during PED. 

Table 6-21-1. Special Studies Recommended for the Livingston Bay Site 

Type Basic Requirements 

Property 
Investigation/Survey 

• Compile more detailed information on parcel ownership and 
property boundaries to finalize the design, confirm acquisition 
requirements, and support negotiations with property owners. 

Topographic/Bathymetric 
Survey 

• Complete surveys along the tidal channel alignment including the 
breach location, interior channel profile, outboard mudflat profile, 
and sections of existing drainage channel along the west end of the 
site. Surveys should also include drainage ditch sections, existing 
structures, etc.  

• Use the survey data to refine design of key elements, develop 
detailed construction and demolition plans, provide a baseline for 
pre- and post-construction modeling, and understand tidal durations 
(how many hours a day will the marsh be flooded) for plant survival.  

• Install a temporary tide gauge in the early design stages to obtain 
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Type Basic Requirements 

site-specific tidal statistics. 

Hydraulic 
Analysis/Modeling 

• Model tidal elevations and surface water flow to 
o optimize dike breach and channel dimensions to ensure 

adequate tidal interaction, 
o identify flood risks to adjacent properties. Review and 

revise flood elevations if necessary, and 
o evaluate impacts to infrastructure and adjacent properties 

following restoration. 
• Investigate the required changes to surface water drainage systems 

leading to or affected by the project, including culvert relocations 
and drainage from properties protected by the new dike. 

• Review the location and depth of any wells and septic systems in the 
area of potential hydraulic effects. Evaluate the effects of increased 
tidal prism on water supply and on septic leach fields. If needed, 
perform water quality sampling and analysis of water quality effects. 

• If needed, evaluate water surface elevations to assess ecological 
response to diurnal tidal fluctuations. 

• Formulate a monitoring plan, including any required field surveys or 
instrumentation that will be used to evaluate the project’s hydraulic 
performance. 

Sedimentation Analysis 

• Use flow and velocity information from hydraulic analysis and 
sediment characteristics to  

o evaluate the effects of increased tidal prism on sediment 
processes at the site and 

o  to assess the possibility for sediment transport, erosion, 
and sedimentation in and adjacent to the site area.  

• Evaluate the need for bank and scour protection within the site and 
at the dike breach. Assess the need for slope protection or 
erosion/sedimentation mitigation measures along adjacent 
shorelines.  

• Evaluate temporary increases in sedimentation downstream of the 
site because of the release of sediment during the formation of any 
new distributary channels.  

Coastal Engineering Studies  

• Refine sea level projections using localized tide gauge data.  
• Review and establish the final design tidal datums.  
• Investigate the impacts of wind waves on the formation and 

evolution of the breach area and the beach face using wind wave and 
hydrodynamic modeling.  

• Evaluate the effects on intertidal habitat using results from similar 
inlets in Puget Sound. 

Geotechnical Investigation 

• Complete subsurface explorations, testing, and field reconnaissance. 
• Perform a stability, settlement, and seepage analysis to support dike 

design. 
• Dike breach methodology.  
• Perform additional investigations to identify the size of armor to be 

removed. 
• Evaluate the proposed tidal inlet further to determine the 



 

 

Engineering Appendix  Section 6 
Livingston Bay   Page 32 

Type Basic Requirements 

appropriate depth, width, and section to maintain an open tidal 
system. 

Excavated Sediment • Evaluate the characteristics of the excavated sediment of the 
proposed tidal inlet for use onsite.  

Utility Survey • Obtain more detailed information on utilities to finalize the design 
and confirm acquisition requirements. 

Phase II Environmental Site 
Assessment • Assess historic fills and conduct soil sampling for contaminants. 

Cultural Resources 
Investigation  

• Complete surveys for archaeological and historic resources in areas 
proposed for excavation.  

Cost Study • Assess potential for cost and schedule reductions during refinement 
of restoration design. 

Environmental Permitting  • Complete documentation and applications for environmental 
permits with federal and state agencies. 

6-22 DATA MANAGEMENT  
Project documents, background materials, and digital files from the local sponsors were provided to the 
project team directly, through the State’s Habitat Work Schedule, or via the Nearshore Portal. The project 
team also used databases previously developed by and for the Puget Sound Nearshore  Ecosystem 
Restoration Project including the Change Analysis and backing geospatial data (see Section 6-3.1.1 for 
additional detail). 

Work products for the conceptual restoration designs were developed primarily in GIS and typical word 
processor and spreadsheet applications. GIS products for all sites were collected in a single geodatabase 
that captured spatially referenced locations and sizes of major design elements.  

6-23 USE OF METRIC SYSTEM MEASUREMENTS 
This report uses United States customary units for design and construction measurements. To remain 
consistent with work conducted to date, the metric system of measurement was not used. 
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ANNEX 1: EXHIBITS 
This annex contains a set of site-specific exhibits prepared for the proposed restoration. The exhibits 
include:  

Exhibit A – Conceptual Design Plan 

Exhibit B – Conceptual Design Sections 

Exhibit C – Quantity Estimates 
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Restoration Quantity Estimate 

Site Name: LMn~ton Bay 
Site tt. 1618 
Date: F~ruary 2011 

RIM sed with bad\c~ck ~dates. 30 .b\fl 2011 
Re-.1'sed May 2012, July 2012 

By: L \M'llte Re-ise<! September 2012 
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,---------------------------------------------------------------------------------------------1"' 
Restoration Quantity Estimate 

Stte Name: LMngstoo Bay 

Site "= 1618 Re-.tsed with backcheck updates: 30 JU"'e 2011 

Date: February 2011 RtMsed Ma~ 2012. Juy 2012 
By. L 'Mlite Re".'ised Septembf!f 2012 

_ __ _ Channej Excavation and NewO.ke Volume Edlspro\'!ded byUSACE Brous e/Campbel May2014 
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ANNEX 2: COST ESTIMATE DETAILS 
Cost estimate details include estimated costs, anticipated construction schedule, and risk 
register.  
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Ptint Date Wed 23 July 2014 
Eff. Data 7/1/2004 

Labor 10 . NL$2012 EO 10: EP'11 ROB 

U.S. Army Corps of Engineers 

Project ; Lfvtngston Bay - Diked Farmland 
PSNERP Feas1bilitY Report 

Livingston Bay- Diked Farmland 

OBJECT lYE: Creata •new channels that will be f1lled by incoming tides. 

SELECT ED AL l'ERNATIVE: This estimate is for the Partial Restoration Alternative 
BASIS OF COSTS: Mil English Cost Book and associated libraries, vendor pricing. and build crews 

Estimated by 

Designed by 
Prepared by 

Pteperatfon Data 
Effective Dele of Pricing 

Estimated C~ns(ru~rion Time 

NWS. Cost Engineering Section 
NWS. Design Bran~h 

Daniel lowry. PE. CCC 

6/17/2014 
7/1/2004 
38 Days 

This report is not copyrighted. but the information oontetned herein is For Official Use Only. 

Currency in US dollars 

Time 09:25:01 

Tille Page 

TRACES Mil Ver.slon .11 .2 
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Print Date Wed 23 July 2014 
Elf. Date 7/1/2004 

Designed by 

NWS, Design Branch 

Estimated by 

NWS. Cost Engineering Section 

Prepared by 

Daniel Lowry, PE, CCC 

Direct Costs 

LaborCost 

EQCost 

MaUCost 

SubBidCost 

U.S. Army Corps of Engineers Time 09:25:01 
Project : Livingston Bay - Diked Farmland 

PSNERP Feasibility Report Library Properties Page i 

Costbook CB12EB-b: Mil English Cost Book 2012-b 

Labor NLS2012: National Labor Library- SeatUe 2012 

Design Document Final Feasibility Report 

Document Date 6/17/2014 

District Seattle 

Contact John Dudgeon. Chief Cost Engineering 

Budget Year 2015 

UOM System Original 

Timeline/Currency 

Preparation Date 6/17/2014 

Escalation Date 6/17/2014 

Elf. Pricing Date 7/1/2004 

Estimated Duration 38 Day(s) 

Currency 
Exchange Rate 

US dollars 

1.000000 

w.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable. In a non-union job the whole fringes are taxable. In a union job, the vacation pay fringes is It 
Labor Rates 

Narl Labor 

LaborCost2 

LaborCost3 

LaborCost4 

08 NORTHWEST 
Sales Tax 5.40 

Working Hours per Year 1,540 

Labor Adjustment Factor 1 .05 

Cost of Money 2.50 
Cost of Money Discount 25.00 
Tire Recap Cost Factor 1.50 

Tire Recap Wear Factor 1 .80 
Tire Repair Factor 0.15 

Equipment Cost Factor 1.00 

Standby Depreciation Factor 0.50 

Labor 10 : NLS2012 EO 10: EP11 R08 

Equipment EP11R08: Mil Equipment 201 1 Region 08 

Fuel 
Elec tricity 0.072 

Gas 
Diesel Off-Road 

Diesel On-Road 

3.670 

3.450 

3.990 

Currency in US dollars 

Shipping Rates 
Over 0 CWT 28.32 

Over240CWT 

Over300CWT 

Over400CWT 

Over500CWT 

26.60 

24.23 

22.06 

11.26 
Over 700 CWT 9.51 

Over 800 CWT 6.48 

TRACES Mil Version 4.2 
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Ptint Date Wed 23 July 2014 

Eff. Data 7/1/2004 

Labor 10. NLS2012 EO 10: EP'11 ROB 

U.S. kmy Corps of Engineers 

Project; Lfvtngston Bay- Diked Farmlarn:l 
PSNERP Flleslbility Report 

Currency in US dollars 

Time 09•25:01 

Library Propertiee Page 11 

TRACES Mil Verslon 4.2 
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Print Date Wed 23 July 2014 
Eff. Date 7/1/2004 

Direct Cost Markups 

Productivity 

Overtime 

Standard 

Actual 

Day 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 

Sunday 

Sales Tax 

Mat/Cost 

Contractor Markups 

JOOH 

JOOH Sub 

HOOH 

HOOH -Sub 

Profit 

Bond 

Excise Tax 

Owner Markups 

Escalation - Fish and Wildlife 

StartDate 
612712011 

Escalation - Channels 

Escalation - Levees 

StartDate 
612712011 

StartDate 

Days/Week 
500 

500 

OTFactor 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

2.00 

Labor ID: NLS2012 EQ ID: EP11 ROB 

U.S. Army Corps of Engineers 
Project : Livingston Bay - Diked Farmland 

PSNERP Feasibility Report 

Category 
Productivity 

Overtime 

Hours/Shift 
8.00 

8.00 

TaxAdj 

Category 

JOOH 

JOOH 

HOOH 

Allowance 

Profit 

Bond 

Excise 

Category 

Escalation 

Startlndex 
723.37 

Escalation 

Startlndex 
750.06 

Escalation 

Startlndex 

Working 

Yes 

Yes 

Yes 

Yes 

Yes 

No 
No 

Shifts/Day 
1.00 

1.00 

End Date 
71912015 

EndDate 
71912015 

EndDate 

Currency in US dollars 

Method 

Productivity 

Overtime 

1st Shift 
8.00 

8.00 

2nd Shift 
0.00 

0.00 

OTPercent 

0.00 

Running % on Selected Costs 

Method 

Running % 

Running % 

Running % 

Running % 

Running % 

Running % 

Running % 

Method 

Escalation 

End Index 
774.39 

Escalation 

End Index 
802.97 

Escalation 

Endlndex 

Time 09:25:01 

Markup Properties Page iii 

3rdShift 
0.00 

0.00 

FCCM Percent 

0.00 

Escalation 
7.05 

Escalation 
7.05 

Escalation 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 
Eff. Date 7/1/2004 

612712011 

Escalation - Beach Replenishment 

StartDate 

612712011 

Escalation - Cultural Resources 

StartDate 
612712011 

Contingency 
SIOH 

Labor ID: NLS2012 EQ ID: EP11 ROB 

U.S. Army Corps of Engineers 
Project : Livingston Bay - Diked Farmland 

PSNERP Feasibility Report 

757.99 71912015 

Escalation 

Startlndex End Date 

776.35 71912015 

Escalation 

Startlndex EndDate 
741.91 71912015 

Contingency 
SIOH 

Currency in US dollars 

Escalation 

Escalation 

Running% 
Running% 

811.45 

End Index 

831.11 

End Index 
794.24 

Time 09:25:01 

Markup Properties Page iv 

7.05 

Escalation 

7.05 

Escalation 
7.05 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 U.S. Army Corps of Engineers Time 09:25:01 
Eft. Date 7/1/2004 Project : Livingston Bay - Diked Farmland 

PSNERP Feasibility Report Project Cost Summary Page 1 

Descri lion Quanti~ UOM ContractCost Escalation Contingenc~ SIOH ProjectCost 

Project Cost Summary 3,911,030 0 0 0 3,911 ,030 

3,911,030.26 3,911,03026 

Livingston Bay 1.00 EA 3,911 ,030 0 0 0 3,911 ,030 

877,666.44 877,666.44 

Fish and Wildlife Facilities 1.00 EA 877,666 0 0 0 877,666 

877,666.44 877,666.44 
Wildlife Facilities & Sanctuary 1.00 EA 877,666 0 0 0 877,666 

2,326,698.37 2,326,698.37 

Channels and Canals 1.00 EA 2,326,698 0 0 0 2,326,698 

2,326,698.37 2,326,698.37 
Channels 1.00 EA 2,326,698 0 0 0 2,326,698 

360,312.61 360,312.61 

Levees and Floodwalls 1.00 EA 360,373 0 0 0 360,373 

360,372.61 360,372.61 

Levees 1.00 EA 360,373 0 0 0 360,373 

239,594.58 239,594.58 
Beach Replenishment 1.00 EA 239,595 0 0 0 239,595 

9.58 9.58 

Beach Replenishment 25,000.00 BCY 239,595 0 0 0 239,595 

106,698.26 106,698.26 
Cultural Resource Preservation 1.00 EA 106,698 0 0 0 106,698 

106,698.26 106,698.26 

Cultural Resource Preservation 1.00 EA 106,698 0 0 0 106,698 

Labor ID: NLS2012 EQ ID: EP11 ROB Currency in US dollars TRACES Mil Version 4.2 
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L1vmgston Bay Partial - PDT R1sk Reg1ster (Draft) 

-- lOW lOW 

1 of3 
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7‐1 GENERAL	–	MILLTOWN	ISLAND	

7‐1.1 Overview	of	Restoration	Site	
Milltown Island is located along the east periphery of the South Fork Skagit River delta within the 
Whidbey Subbasin. The island is part of the Washington Department of Fish and Wildlife (WDFW) 
17,000-acre Skagit Wildlife Area and is not accessible by road. The Deepwater Slough restoration project 
is located on the opposite side of the slough. The middle and north sections of Milltown Island (the diked 
areas) encompass about 216 acres. Of that total, the marsh area covers approximately 173 acres, while the 
remaining area (at the north end of the island) is higher elevation forested habitat. The southerly portion 
of Milltown Island, consisting of approximately 100 acres of tidal marsh, has not been previously diked.  

The Milltown Island site is one of the nine sites selected to address River Delta restoration objectives to 
protect and restore freshwater input and tidal processes where major river floodplains meet marine 
waters. The restoration is designed to restore the following processes: 

 Tidal flow 

 Freshwater input (including alluvial sediment delivery) 

 Erosion and accretion of sediments 

 Tidal channel formation and maintenance 

 Detritus recruitment and retention 

 Exchange of aquatic organisms 

The proposed restoration would breach sections of the Milltown Island perimeter dike along Steamboat 
Slough and create supplemental marsh starter or pilot channels to restore combined tidal/freshwater (low 
salinity) hydrology to the island’s interior marshes. The restored tidal and riverine processes will form, 
scour, and expand the dike breaches and pilot channels to create a more diverse range of estuarine 
habitats across the island, particularly scrub-shrub wetland habitat that was lost due to perimeter and 
interior diking and past agricultural uses. A restoration alternative that proposed dike breaches on both 
sides of Milltown Island and more extensive excavation of pilot channels was considered but rejected 
during the cost-benefit analysis. Details of the restoration design are provided in Section 7-6 and shown 
on the exhibits provided in Annex 1. Figure 7-1-1 shows the Milltown site and vicinity.  
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Figure 7-1-1. Milltown Island and Vicinity 

Strait of Juan de Fuca & 
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7‐2 HYDROLOGY	AND	HYDRAULICS	
Milltown Island lies in the estuary of the South Fork of the Skagit River. The Skagit River drains a vast 
watershed of over 2,700 square miles and splits into North and South Fork distributary channels west of 
Mount Vernon, Washington (Figure 7-2-1). The average annual precipitation for this watershed is 101 
inches per year. The site lies between two arms of the South Fork Skagit River – Steamboat Slough and 
Tom Moore Slough. In addition to the flow from the Skagit River watershed, over 43 square miles of local 
drainages also contribute to the flows at Milltown Island. Directly to the west of the site, across Steamboat 
Slough, Deepwater Slough is also a site for the Puget Sound Nearshore Ecosystem Restoration Project 
(PSNERP). 

The entire Milltown Island site lies below the 100-year flood elevation. The island is uninhabited and 
there are no roads or utilities leading to or crossing over the site. The intent of the project is to increase 
the frequency of both tidal flow and riverine flooding into the project area for the purpose of habitat 
restoration. No new levees are planned for this site.  

 
Figure 7-2-1. Milltown Island – Skagit River Estuary Watershed 

The hydraulics and hydrology for all restoration sites in the Puget Sound Nearshore Ecosystem 
Restoration Project were evaluated using an area of potential hydraulic effects specific to the construction 
requirements for each particular site. The limits of the area for this site were established using 100-year 
base flood elevations derived from a combination of Federal Emergency Management Agency (FEMA) 
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Flood Insurance Rate Maps and Flood Insurance Studies as well as U.S. Army Corps of Engineers 
(USACE) base flood elevation determinations. 

According to the 100-year base flood elevation determined by FEMA for unincorporated areas of Skagit 
County, community 530151 (revised 1985), the entire site lies well within the 100-year floodplain and 
away from floodplain boundaries. Figure 7-2-2 shows the area of potential hydraulic effects for Milltown 
Island as being identical with the required project lands. The nearby Deepwater Slough site is shown for 
information only. The base flood elevation varies between 17 feet (NAVD88) at the upstream limit of the 
site and 14 feet (NAVD88) downstream and depends primarily on flooding from the Skagit River.  

This delineation of the area of potential hydraulic effects assumes that the planned breaching of dikes will 
not substantially affect dikes or infrastructure on adjacent properties because of the depth of inundation 
and the relatively low energy losses (energy gradients) in this area during flooding.  During Project 
Engineering and Design (PED), the current hydrodynamic model of the Skagit River will be revised to 
reflect the changed geometry and to confirm the extent of hydraulic effects from the project. The limits of 
the area of potential hydraulic effects do not incorporate the potential for sea level change but this 
potential is discussed in Section 7-2.1.9.  

 
Figure 7-2-2. Milltown Island: Area of potential hydraulic effects.   

(The Deepwater Slough site is shown for information only.) 

7‐2.1 Functional	Design	Requirements	
This section describes the hydrologic and hydraulic setting for the site and the intended hydraulic 
consequences of the design features. 
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7‐2.1.1 Consequences	of	flows	exceeding	discharge	capacity	of	the	project	

The purpose of this site is to restore natural tidal flow and sediment transport to Milltown Island, 
allowing the development of a dendritic blind tidal channel system. No aspects of the site involve water 
control so there is no design discharge capacity to be evaluated. (Not applicable.) 

7‐2.1.2 Project‐induced	changes	obligating	mitigation	

Mitigation, in the context of this site, applies to compensation of local stakeholders for any loss of 
function or detrimental project-induced changes. The breaching of dikes and the consequent development 
of a tidal channel network will allow increased tidal prism at the site. The work is likely to result in 
increased flows to the surrounding sloughs and redistribution of sediments impounded as result of diking 
and ditching. Properties across the slough channels and downstream of the site may experience some 
changes in flow patterns and sedimentation. Any sediment mobilized as a result of dike lowering and 
removal may have temporary effects on local ecology and consequent possible temporary effects on local 
fisheries. The amount and potential areas of flow changes and sedimentation will be addressed during 
PED. 

7‐2.1.3 Discharge‐frequency	relationships	

The site is located between Tom Moore Slough and Steamboat Slough. Both sloughs are branches of the 
South Fork Skagit River. The predictions for river discharge for the Skagit River are taken from USACE’s 
Skagit River Flood Risk Management Feasibility Study (2013). The study used weighted hydrographs 
taking into account the effects of seasonal variation in flood control storage at Ross and Upper Baker 
Dams. In addition, the study also considered coincident flood hydrographs from several tributary 
unregulated watersheds. The estimates for the Skagit River near Sedro-Woolley are shown in Table 7-2-1. 
Also shown are discharges from a FEMA Flood Insurance Study (FIS) compiled for Skagit County in 2009 
(FEMA, 2009). 

Table 7-2-1. Peak Discharge – Frequency predictions for Mainstem Skagit River at Sedro-
Woolley 

Method 
10-year 

(cfs) 

50-year 

(cfs) 

100-year 

(cfs) 

500-year 

(cfs) 

USACE (2013b) 133,000 197,400 235,700 325,400 

FEMA Draft FIS 
(2009) 123,610 183,780 215,270 322,900 

 

Discharge at the site will likely vary due to significant overbank flow and variability in flood flow routing 
near the junction of the North Fork and South Fork Skagit River. In the vicinity of Mount Vernon, flood 
flows above 160,000 cfs are distributed to the surrounding floodplain due to overtopping of levees and 
riverbanks.  Downstream of Mount Vernon, flow in the Skagit River splits into the North Fork and South 
Fork branches, distributing about 50 percent of the flow into each channel. In addition, planned flood 
protection measures currently under consideration for the Skagit River system, may affect both water 
surface levels and flood flow routing in the Skagit River Estuary. 

7‐2.1.4 0.2%	chance	of	exceedance	flood	(500‐year	return	interval	flood)	

The area of potential hydraulic effect for Milltown Island is dominated by fluvial flows with some 
influence from coastal flooding. Since this site contains no critical infrastructure, the 500-year flood level 
will not be evaluated. (Not applicable.) 
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7‐2.1.5 Stage‐discharge	relationships	

The FEMA Flood Insurance Study calculated stage-discharge relationships for the South Fork Skagit 
River (FEMA, 2009). Table 7-2-2 shows the computed elevations at the confluence of Freshwater Slough 
Spit, about 0.6 miles upstream of the site and at the Fir Island Road Bridge, about one mile upstreamof 
the site. On the FEMA profiles, the 50-year, 100-year, and 500-year elevations were too similar to show 
separately. In order to forecast new stage-discharge relationships and effects on adjacent dikes in the 
Skagit River delta, a revised hydraulic model will have to be implemented which reflects the proposed 
geometry of the site. This will be addressed during PED. The model will also incorporate the planned site 
work at the adjacent PSNERP site of Deepwater Slough and any future flood control measures 
implemented for the Skagit River system.   

Table 7-2-2. Stage-discharge relations as shown in FEMA  
Flood Insurance Study for Milltown Island (FEMA, 2009) 

Location 

10-yr Stage 

(feet 
NAVD88) 

50-yr Stage 

(feet 
NAVD88) 

100-yr Stage 

(feet 
NAVD88) 

500-yr Stage 

(feet 
NAVD88) 

Confluence of Freshwater Slough Spit 15.0 17.1 17.1 17.1 

Fir Island Road 18.1 21.0 21.0 21.0 

7‐2.1.6 Flow	duration	

It is not anticipated that a flow duration analysis will be required at the site. (Not applicable.) 

7‐2.1.7 Flood	inundation	boundaries	and	flood	stage	hydrographs	

Figure 7-2-3 shows the 100-year flood inundation boundaries reported in the Skagit County FEMA Flood 
Insurance FIRM (FEMA, 1985). In order to forecast any changes in flooding pattern, a revised hydraulic 
model will have to be implemented which reflects the proposed geometry. This will be addressed during 
PED. The model will also incorporate the planned site work at the adjacent PSNERP site of Deepwater 
Slough and any future flood control measures implemented for the Skagit River system. 
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Figure 7-2-3. Current FEMA 100-year flood zone as adapted from Flood Insurance Rate 

Map (FIRM 530151 0425C) (FEMA, 1985) (Elevations in NGVD29; NAVD 29 + 3.79 = NAVD 
88)) 

7‐2.1.8 Reservoir	yields	

No reservoirs are planned as part of this site. (Not applicable.) 
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7‐2.1.9 Risk	and	uncertainty	analysis	for	sizing	of	the	project	under	study	

Channel sizing 

Required channel size parameters were determined using the methods presented in the Applied 
Geomorphology Guidelines and Hierarchy of Openings (an attachment to this engineering appendix). 
Table 7-2-3 shows the marsh area which can be used to determine required channel size. Table 7-2-4 
shows that the top width of the channel at Mean Higher High Water should be approximately 120 feet. 
The conceptual plan calls for a 20-foot-wide breach. The maximum channel depth from Table 7-2-4 is 10 
feet below Mean Higher High Water. The conceptual plan also calls for a channel depth of approximately 
5 feet (in perimeter dike breach areas, the depth of channel breach would likely be closer to 7 to 8 feet 
relative to typical top of perimeter dike elevation) under the assumption that the wider, shallower channel 
will enlarge and deepen to equilibrium geometries over time. A wider, shallower breach was proposed in 
light of the proposed breach method (explosives), with greater cross sectional area due to expected lower 
tidal prism exchange velocities at lower depths. The risk with an undersized channel is that it may not 
achieve and maintain the targeted tidal prism exchange, reducing the effectiveness of the project. This will 
be addressed during PED. 

Table 7-2-3. Inputs used to determine channel sizing 

Component Marsh Area (acres) 

Anticipated Marsh Area 173 

Table 7-2-4. Channel parameters for tidal flow and combined tide and river flow 

Parameter Marsh Area 

Max Channel Depth Below MHHW (feet) 10 

Channel Top Width at MHHW (feet) 120 

Channel Cross-Sectional Area at MHHW (SF) 700 

Sea Level Change  

Milltown Island is located in the Whidbey Sub-basin of Puget Sound. Sea level change calculations for the 
Whidbey Subbasin are based on the Seattle tide gauge and are calculated using the guidance under ER 
1100-2-8162 Incorporating Sea Level Change in Civil Works Programs (USACE, 2013).  

Table 7-2-5 shows the range of sea level change projections for the 50year project life, indicating a 
maximum sea level change of 2.83 feet in 50 years. The largest risk associated with sea level change at this 
site is the displacement of habitat upstream, with freshwater habitat becoming intertidal habitat and 
intertidal habitat becoming subtidal habitat. Tidal marshes can adapt to sea level change by building 
elevation to keep pace with the rising water levels, but this requires an adequate supply of sediment 
and/or organic matter accumulation. Future studies should include a sedimentation analysis to determine 
what impact the project will have on sedimentation rates and if there is sufficient sediment accumulation 
to keep pace with the projected sea level change.  
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Table 7-2-5. Projected Sea Level Change (feet) Seattle, (Gauge 9447130) 

Year Low  (feet) Intermediate 
(feet) 

High (feet) 

2020 0.21 0.28 0.5 

2030 0.28 0.41 0.81 

2040 0.35 0.56 1.21 

2050 0.43 0.73 1.67 

2060 0.5 0.91 2.21 

2070 0.57 1.11 2.83 

7‐2.1.10 Water	quality	conditions	

No water quality information has been reviewed for this site. The site is not anticipated to generate any 
long-term effects on surface water quality. Anticipated water quality effects are as follows: 

 Construction-related turbidity and suspension of sediments may occur due to dike breaching. At 
present, no overwater equipment access is required for the placement of explosives to breach 
dikes. The detonation of explosive charges may suspend or erode bottom sediments in the slough 
and redistribute loose sediment within the site boundaries. Sediment control will have to be 
carefully considered in the construction planning. Assuming that marsh pilot channels would be 
completed prior to breach of the perimeter dikes, the work could be phased such that the pilot 
channels and redistributed sediments have an opportunity to be stabilized prior to completing 
dike breaches and allowing the enlarged tidal prism exchange throughout the channels and marsh 
plain. 

 Temporary increases in sedimentation may occur downstream of the site because of the release of 
sediment during the formation of new channels. These effects, together with other sedimentation 
issues, will be evaluated during PED. 

 It is likely that the dike breaching will increase salinity within the lower elevations of the site due 
to the increased tidal prism (a primary project objective). In higher elevation areas (north portion 
of the site), increases in salinity are expected to be less pronounced, as freshwater effects (riding 
over tidal saltwater wedges) are expected to be more dominant. If needed, water quality sampling 
and analysis of water quality effects can take place during PED. 

7‐2.1.11 Groundwater	conditions	

No groundwater information has been reviewed for this site. No septic systems are known to be located 
within the proposed work area. The breaching of dikes will allow an increased tidal prism within the site 
which may be accompanied by saltwater intrusion. Since the goal of work at this site is to restore historic 
conditions, restoration of historic salinity patterns is presumed to be a desirable outcome. 

7‐2.1.12 Preliminary	project	regulation	plan	

No water control facilities are planned as part of this site. (Not applicable.) 

7‐2.1.13 Preliminary	Real	Estate	taking	line	elevations	

The current real estate limits are delineated by the project construction area and staging areas and include 
the entire potential area of hydraulic effects. Real estate assumptions, valuations, and planning 
documents have been appropriately scaled for the current level of design. As additional surveys, modeling, 
and design are completed during the PED phase, the real estate documentation will be modified 
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accordingly. For the current real estate status, refer to the Feasibility Study, Appendix F, Real Estate Plan. 
No land acquisitions are expected to be needed for this site since all affected lands are understood to be 
under the control/ownership of WDFW. 

7‐2.1.14 Criteria	for	facility/utility	relocations	

No utilities cross the site. (Not applicable.) 

7‐2.1.15 Criteria	for	identification	of	flowage	easements	required	for	project	function	

No flowage easements are anticipated for this site. This will be reviewed and confirmed during PED. 

7‐2.1.16 Criteria	in	support	of	project	OMRR&R	requirements	

Monitoring needs associated with the hydraulic function of the site are as follows: 

 Since the excavation of a tidal channel network is not currently planned for this site, the 
distributary channel network within the site should be monitored to confirm that it is developing 
as anticipated: that tidal prism exchange is achieving its objective to widen and deepen the starter 
channels,  that native vegetation and detritus are being recruited within and adjacent to channels, 
and that excessive channelization of existing drainage channels does not occur. 

 Areas adjacent and downstream of Milltown Island will require periodic monitoring to observe 
whether excessive erosion or sedimentation is occurring that affects either habitat or adjacent 
properties. 

 Salinity and pollutant monitoring should be carried out at the site to confirm no significant 
impacts to water quality. 

7‐2.1.17 Environmental	engineering	considerations	

In the context of hydrology and hydraulics, environmental engineering is taken to mean water supply and 
sanitation. No water supply or sanitation systems existing within or cross the site. (Not applicable.) 

7‐2.2 Residual	Flooding	Consequences	–	With	Project	Flooding	
This section discusses the predicted hydraulic conditions after construction at the site. 

7‐2.2.1 Warning	time	of	impending	inundation	

There are no residences or infrastructure within the site. Aside from regional warnings for possible 
flooding, no warning system is planned. (Not applicable.) 

7‐2.2.2 Rate	of	rise,	duration,	depth,	and	velocity	of	inundation	

Unsteady flow analysis or flood flow routing will probably not be required for this site. No analysis of rate 
of rise and flow duration is planned for flood flows. The depths and velocities at the dike breaches and in 
the tidal channel due to the combined effects of river flow and tidal prism will be evaluated during PED in 
order to design breach openings and assess flow effects in and around the site. 

7‐2.2.3 Historic,	1%	and	0.2%	exceedance	(100‐year	and	500‐year)	flood	extents	

Dike breaching is not likely to significantly affect peak water levels, even for the estimated 100‐year event. 
Flood elevations will be reviewed during PED and revised if necessary. 

7‐2.2.4 Access	and	egress	problems	created	by	flooding	

There are no roads leading to or crossing the site, and the entire site lies below the 100-year flood 
elevation. In this sense, floods do not cause a loss of access or egress. Effects of dike breaches and 
increased tidal prism on roadways across from the site on the eastern shore of Tom Moore Slough will be 
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evaluated during PED. Since the planned dike breaches are on the western side of Milltown Island, on 
Steamboat Slough, no significant effects are anticipated. 

7‐2.2.5 Potential	for	loss	of	life	as	a	result	of	7‐2.2.1	through	7‐2.2.3	

The potential for loss of life as a result of the proposed work at the site is low. Areas within the site will be 
inundated more often for low return interval floods. However, the entire site lies within the 100-year 
floodplain and is not likely to be occupied by people during floods. 

7‐2.2.6 Identification	of	any	potential	loss	of	public	services	

There are no public services within the site. (Not applicable.) 

7‐2.2.7 Potential	physical	damages	

Potential physical damages that can occur during flooding will be addressed by the hydraulic analyses 
conducted during PED. This will include an evaluation of erosion and sedimentation in the channels 
adjacent to the site and any cross-channel effects of dike breaching. 

7‐2.3 Project	Induced	Flooding	–	Change	from	Pre‐Project	Conditions	
This section describes the effects of the proposed project-induced site changes on flood elevations, flood 
patterns, and flood frequency. 

7‐2.3.1 Information	categories	required	by	7‐2.2	

Flooding at Milltown Island is dominated by fluvial discharge from the Skagit River with some backwater 
influence from tides, surge, and associated coastal flooding. Breaching and lowering of the dikes at the site 
is not anticipated to significantly affect peak water levels during 100-year floods. Water levels within the 
site during smaller flood events will be affected by the increased tidal prism and the availability of new 
inflow pathways to the site. The increased tidal/freshwater flow exchange within the site is a goal of the 
restoration effort. 

7‐2.3.2 Anticipated	frequency	of	induced	flooding	

Although the proposed work is expected to slightly alter the pattern of flooding in the adjacent sloughs, it 
is not expected to change the frequency of flooding in Tom Moore or Steamboat Slough. Areas within the 
site will be inundated more often for lower return interval floods, which is one of the goals of the 
restoration effort. 

7‐2.4 Inundation	Risk	0.2%	Exceedance	(500‐year	Return	Interval)	Flood	
Work at the site is not anticipated to change the frequency of flooding, or to appreciably change the 500-
year flood elevations at Milltown Island. The main risk for the 500-year flood in this area is due to sea 
level change(refer to Section 7-2.1.8). 

7‐2.5 Hydraulic	Studies		

7‐2.5.1 Hydraulic	roughness	determinations	

No hydraulic roughness determination is currently planned. If a hydraulic roughness determination is 
required to complete hydraulic analyses, then roughnesses will be determined using a combination of 
aerial photographs and field surveys during PED. 

7‐2.5.2 Water	surface	profiles	

Current water surface profiles as reported in the FEMA Flood Insurance Study include the presence of the 
perimeter dike on Milltown Island at Steamboat Slough. In order to predict the with-project water surface 
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profiles, a revised hydraulic model will have to be implemented which reflects the proposed geometry and 
the dike breaches. This will be addressed during PED. 

7‐2.5.3 Stage‐discharge	relationships	

Current stage-discharge relationships as reported in the FEMA Flood Insurance Study include the 
presence of the perimeter dike on Milltown Island at Steamboat Slough. In order to predict the with-
project water surface profiles, a revised hydraulic model will have to be implemented which reflects the 
proposed geometry and the dike breaches. This will be addressed during PED. 

7‐2.5.4 Head	loss	

Other than the head losses that will be incorporated into the revised hydraulic model, no additional head 
loss studies are planned. (Not applicable.) 

7‐2.5.5 Flow	and	velocity	

Flow and velocity information from the revised hydraulic model will be used to assess the possibility for 
sedimentation, scour, and bank erosion in and around the site. 

7‐2.5.6 Structural	sizing	needed	to	meet	design	capacity	including	slope	protection	

The hydraulic analysis conducted during PED will include the sizing of dike breaches to ensure adequate 
tidal interaction. The analysis will also include the need for slope protection along the shoreline. 

7‐2.5.7 Water	control	facilities	

No water control facilities are proposed. (Not applicable.) 

7‐2.5.8 Energy	dissipating	facilities	

No energy dissipation facilities are proposed. (Not applicable.) 

7‐2.5.9 Erosion	control	requirements	

Construction 

The planned earthwork for this site may require some use of water-based equipment in transport of 
personnel and materials for the installation and detonation of explosives, and for the installation of 
sediment control measures, if needed. The detonation of explosive charges may suspend or erode bottom 
sediments in Steamboat Slough and redistribute loose sediment within the site boundaries. Appropriate 
in-water sediment control measures will need to be used during construction. Planning during PED 
should evaluate the best and most cost-effective methods for constraining sediment input to the 
waterways. These may include blasting at extreme low tides or installing silt curtains. Any in-water or 
overwater construction activities should follow accepted best management practices for erosion. 

With Project 

No erosion control is anticipated outside of the construction boundaries since the goal of the project is to 
reestablish natural erosion and sedimentation processes. The hydraulic analysis conducted during PED 
will evaluate whether erosion control or slope protection is needed. These measures would be internal to 
the Milltown Island site because appreciable external changes in flows within the sloughs are not 
expected. 

7‐2.5.10 Existing	and	post‐project	sedimentation	

Although the entire Skagit River Estuary is an active accretionary environment, it is also very dynamic. 
The North and South Forks of the Skagit River have, in the past, carried different proportions of the total 
flow and sediment load and may continue to shift in their relative transport capacities. Distributary 
channels in the estuary may shift or avulse as part of natural sedimentation patterns in the overall 
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estuary. If conditions at Milltown Island remain as they are presently, the interiors of the diked slough 
islands will continue to subside from lack of new sediment inflow inputs, except those associated with 
tidal exchange through existing dike breaches, and during larger floods when perimeter dikes are 
overtopped. The breaching of dikes and the consequent development of a distributary (blind) channel 
network will allow increased tidal prism and sediment inflows at the site. The work is also likely to result 
in increased flows to the surrounding sloughs and redistribution of sediments impounded as result of 
diking and ditching. The amount and potential areas of flow changes and sedimentation will be addressed 
during PED. 

7‐2.5.11 Water	control	and	order	of	work	during	construction	

Construction should be sequenced with interior marsh earthwork first (if required) and dike breaching 
last. For further considerations refer to Section 7-2.5.9. 

7‐2.5.12 Criteria	for	facility/utility	relocations	

No utilities cross the site. (Not applicable.) 

7‐2.5.13 Other	facilities	to	meet	project	goals	

No other facilities are required in order to meet project goals. (Not applicable.) 

7‐2.5.14 Instrumentation	and	monitoring	

A combination of field surveys and aerial photographs will be used to document biological and physical 
changes to the landscape. Monitoring data can be used to refine adaptive management and corrective 
measures, as needed. Some of the key monitoring needs and opportunities are summarized in the 
Feasibility Study.  

7‐2.6 Coastal	Studies	
Milltown Island is located along the South Fork of the Skagit River approximately 1 mile upstream of the 
delta shoreline. The island is only subjected to wind waves caused by local winds. Measurements at the 
nearby Whidbey Naval Air Station (Figure 7-2-4) show that the maximum wind speeds come from the 
southeasterly direction and rarely exceed 40 miles per hour. This could result in wave heights of 4 feet 
with a period of 4 seconds at the river delta shoreline; however, these waves would likely be attenuated by 
the time they reach the site. It is unlikely that wind waves are a significant forcing mechanism at this site. 
This site is chiefly dominated by diurnal tidal flows with periodic flooding from the South Fork Skagit 
River. The influence of wind wave activity, storm surge, and wave setup will be evaluated during PED.  
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Figure 7-2-4. Wind Rose for Whidbey Naval Air Station, WA. 

Project plans formulated during the conceptual design phase for Milltown Island are based on a Mean 
Higher High Water tidal datum of 8.84feet (NAVD88). This datum is from the tide gauge at La Conner, 
Swinomish Slough (NOAA Gauge 9448558).Major tidal datums are summarized in Table 7-2-6 and are 
based on the tide gauge at La Conner, Swinomish Slough (NOAA Gauge 9448558). The final design tidal 
datums will be reviewed and established during PED. 

Table 7-2-6. Major tidal datums for Milltown Island, Swinomish Slough (Station 9448558) 

Datum Description  
Water 

Level   (ft, 
NAVD88) 

Mean Higher-High Water (MHHW) 8.84 
Mean High Water (MHW) 7.92 

Mean Tide level (MTL) 4.55 
Mean Sea Level (MSL) 4.45 

National Geodetic Vertical Datum of 1929 (NGVD29) 3.79 
Mean Diurnal Tide Level (DTL) 3.67 

Mean Low Water (MLW) 1.19 
North American Vertical Datum of 1988 (NAVD88) 0 

Mean Lower Low Water (MLLW) -1.51 
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A summary table for the anticipated hydraulic studies at this site is provided in Section 7-21. 

7‐2.6.1 Design	of	coastal	shore	protection	projects	(ER	1110‐2‐1407)	

This site does not include coastal shore protection. (Not applicable.) 

7‐2.6.2 Effects	on	adjacent	shores	

Downstream of the site, the shoreline transitions from tidal freshwater wetlands to estuarine wetlands 
and finally to a river delta shoreline. The restoration work could alter both the salinity and sedimentation 
patterns around the river delta, potentially impacting areas outside the project boundary. The effects on 
adjacent shores will be evaluated during PED.  

7‐2.7 Navigation	Projects	
This site does not affect navigation. (Not applicable.) 

7‐3 SURVEYING,	MAPPING,	AND	OTHER	GEOSPATIAL	DATA	
REQUIREMENTS		

This section describes surveying, mapping, and other geospatial data information to support preparation 
of the Feasibility Study and the Real Estate Plan (Appendix F of the Feasibility Study). A brief outline of 
additional surveying and mapping required for subsequent design, plans and specifications, construction, 
and operations is also included. 

7‐3.1 Surveying,	Mapping,	and	Other	Geospatial	Data	Information	Used	
Geospatial data for the Milltown Island site were obtained primarily from remote sensing applications. No 
site-specific topographic, bathymetric, property, or utility surveys were conducted during conceptual 
design. LiDAR, aerial imagery, and other geospatial data were used to delineate topographic features, 
determine surface elevations, and to estimate areas, volumes, lengths, and other dimensions of key 
features using CAD and/or ArcGIS. High-resolution LiDAR was obtained from the Puget Sound LiDAR 
Consortium (2005 LiDAR; 3m grid; State Plane projection in NAD83 (horizontal datum) and NAVD88 
(vertical datum); available at http://pugetsoundlidar.ess.washington.edu/lidardata/index.html). The 
Puget Sound Digital Elevation Model (PDEM) was used for combined bathymetry and topography of the 
Puget Sound lowland (Finlayson D.P., 2005; University of Washington; State Plane projection in NAD83 
(horizontal datum) and NAVD88 (vertical datum)  available at 
http://www.ocean.washington.edu/data/pugetsound) and recent aerial photography (Aerials Express 
(AEX), 5/15/2009, 0.3m resolution, 2.45 m accuracy) was evaluated to determine recent site conditions. 
The conversion from Mean Lower Low Water to North American Vertical Datum (NAVD88) and to the 
NGVD29 datum was derived from NOAA’s VDATUM (using the coordinates latitude 48.307571, longitude 
-122.356783).  

Information on land ownership was derived from the Washington Public Lands Database. Additional 
parcel data, including parcel boundaries, was obtained from the Skagit County assessors’ office (2010). 
Information on utilities, existing roadway geometry, and other site features was generally scaled off of 
aerial photographs because as-built drawings were not available. A site reconnaissance was performed in 
September 2010.  

Designers consulted the Nearshore Geodatabase for additional site context. The Nearshore Geodatabase is 
available from the Washington State Geospatial Data Archive (WAGDA) at: 
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP. Metadata are provided in the 
Geospatial Methodology Used in the PSNERP Comprehensive Change Analysis of Puget Sound (Anchor 
QEA et al., 2009) (Annex B). The geodatabase includes numerous datasets listed below: 
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 Shoreline  Overwater structures 

 Bathymetry  Marinas 

 Digital Elevation Model (DEM)  Armoring 

 LiDAR (terrestrial)  Breakwaters/jetties 

 Oblique aerial imagery (from the Washington 
Coastal Atlas) 

 Groins 

 Hydrographic sheets   Dikes 

 Geology  Dams 

 Slope stability  Nearshore fill 

 Drift cells (net shore-drift)  Roads 

 Streams  Railroads 

 Impervious surfaces  Land cover 

Designers also consulted the University of Washington Puget Sound River History Project 19th Century 
Coast Survey Topographic Sheets (2009) for information on historical geomorphic conditions. Conceptual 
designs were intended to replicate historical conditions and remove stressors to nearshore processes to 
the extent practicable and feasible. As a result these datasets informed the selection of restoration 
strategies and features. Designers estimated quantities based on assumed typical sections using length, 
width, and depth parameters and created GIS data layers (point files, line files, and polygon files) to 
represent civil design features such as areas of lowland excavation to be depicted on the plan view 
drawings. Designers did not do any surface modeling.  

7‐3.1.1 Additional	survey	and	mapping	required	

Substantial additional information will be required at the preliminary and later design stages to refine the 
design assumptions, confirm real estate requirements, and develop plans and specifications. Additional 
survey, mapping, and other geospatial data needs include the following: 

 Property/Utility Survey – May not be required since the site is owned by WDFW.  

 Topographic/Bathymetric Survey of Marsh Channels, Marsh Plain, and Segments of Streamboat 
Slough – The conceptual design was based on LiDAR and aerial photos, which have inherent 
inaccuracies. A more detailed survey of site features including existing island habitat types and 
limits would be useful for potential adjustment in dike breach lengths and locations to minimize 
adverse impacts. This work could yield improved mapping of existing marsh channels and their 
profile elevations, including those potentially existing channels (possibly obscured by marsh 
vegetation) along proposed newly created channel alignments; better mapping of slough edge 
habitats (along existing dikes) to be affected by dike breaches; and better information on slough 
bathymetry at or near proposed dike breaches.  

 Surveys for Dikes - Surveys will be needed for the top and toe of dikes on the east and west sides 
of the island north and south of the cross dike at a minimum of four locations chosen to be 
representative of unbreached dike conditions. Surveys will also be needed for toe shots at the base 
of dikes on each side. 

7‐3.1.2 Timeline	for	incorporation	of	new	mapping	or	other	geospatial	data	

Planning, design, and implementation of this restoration project are expected to take several years. The 
site-specific surveys identified above are standard components of the design process and will be 
completed in the early stages of PED to ensure that the design work proceeds efficiently. Incorporating 
these data into the design process is not expected to delay the restoration. 
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7‐4 GEOTECHNICAL		
This section describes the geologic setting of the proposed site, previous and recommended studies, and 
proposed geotechnical explorations relevant to design features. 

7‐4.1 Geotechnical	Information	Used		

7‐4.1.1 Regional	and	site	geology	

Regional geologic mapping from the United States Geological Survey (USGS) indicates the island is 
composed of marsh deposits (Qm) and Skagit River alluvium (Qas) from the Holocene age (2004 Geologic 
Map of the Utsalady and Conway 7.5-minute Quadrangles, Skagit, Snohomish, and Island Counties, 
Washington). The marsh deposits are commonly olive gray silt and silty clay with lenses and layers of 
peat, other organic material, and ash. The Skagit River alluvium consists of flood overbank deposits of 
grayish brown to gray sand, fine sandy silt, silt, and silty clay with minor peat. The geologic map is shown 
in Figure 7-4-1.  

The South Fork of the Skagit River was glaciated during the Vashon ice event about 15,000 years ago. 
Once the glacier retreated, the river built a broad alluvial plain. Icewater melt and flooding helped to 
deposit sediments in the forming delta and estuary. After the retreat of the glacier, tidal action and 
flooding by the river have influenced surface geology in the area. The Milltown Island area formed in 
floodplain soils deposited during a number of flooding events.  

 
Figure 7-4-1– Geologic Map of Milltown Island 

Near-surface soils mapped in the area by the Soil Survey of Skagit County, Washington, consist of 
Tacoma silt loam (NRCS, 2012). Tacoma silt loam is observed in deltas and is described as sand and silt 
deriving from alluvium and volcanic ash with lenses of unspecified organic material.  
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In 1998 explorations were conducted for Deepwater Slough Phase 1 using hand augers (USACE, 1998). 
The Deepwater Slough project is located within the same river delta as Milltown Island, with many 
explorations located within 1,500 feet of the island. Augers ranged from 1 to 4 feet in depth. The typical 
soil profile consists of loose, brown, poorly graded sand with silt for the top 2 feet, and loose, brown, 
clayey sand from 2 to 4 feet deep.  

7‐4.1.2 Completed	explorations	

No subsurface explorations have been completed for this site. All subsurface information is based on 
explorations from a nearby project, soil surveys, and geologic mapping. No well logs near the site were 
available from the Washington State Department of Ecology (Ecology). See Section 7-4.3 for the proposed 
subsurface exploration plan. 

7‐4.1.3 Selection	of	preliminary	design	parameters	

Based upon research of the soils and geology in the vicinity, subsurface soils are likely to consist mostly of 
silt, clay, and sand. The restoration consists of breaching existing dikes. Therefore, no preliminary design 
parameters have been developed for this report.  

7‐4.1.4 Geophysical	investigations	

No geophysical investigations have been conducted or are recommended. (Not applicable.) 

7‐4.1.5 Groundwater	studies	

No groundwater studies have been conducted. Groundwater elevation depends on flows from the Skagit 
River and the water surface elevation of Puget Sound.  

7‐4.1.6 Recommended	instrumentation	

No instrumentation is recommended. (Not applicable.) 

7‐4.1.7 Earthquake	studies		

No earthquake studies have been conducted or are recommended. There are no proposed structures or 
features requiring seismic design. (Not applicable.) 

7‐4.1.8 Preliminary	engineering	analysis	

No foundation design or slope stability analysis is required. The scope does not include any existing or 
proposed structures. The dike will be breached in several locations and is not intended to offer flood 
protection; therefore, embankment stability of the dike is not a concern.  

7‐4.1.9 Excavatability	analysis	

The restoration involves beaching the existing dikes using blasting techniques. Explosives will cause 
irregular breaching of perimeter dikes, and additional blasting may be required if initial breaches are not 
satisfactory. The dike will be breached in three locations, with each breach being approximately 200 feet 
wide, for a total of 600 feet. In addition, blind pilot channels at new dike breaches on the west side of the 
island will be created through blasting. Blasting will create approximately 2,500 LF of marsh pilot 
channels 12 feet wide and 3 feet deep, on average.  

7‐4.1.10 Anticipated	construction	techniques	and	limitations	

Milltown Island is inaccessible by land. The site is only accessible via water unless a temporary bridge is 
constructed. The contractor will likely use a boat or barge to haul personnel, equipment, and blasting 
supplies to the island. Construction of temporary access roads across the marsh is undesirable and 
disruptive to existing habitats. Alternative breaching methods may be considered during PED.  

See Section 7-6.1.2 for additional construction notes. 



 

Engineering Appendix  Section 7 
Milltown Island  Page 19 

7‐4.1.11 Potential	borrow	sources	and	disposal	sites	

No borrow and disposal sites are anticipated. Blasting will constitute disposal by dispersing soils over the 
marsh plain in a random manner. No equipment is proposed to adjust the blasted soils. 

7‐4.1.12 Potential	sources	of	concrete	and	materials	

The procurement concrete or materials is not anticipated. (Not applicable.)  

7‐4.1.13 Suitability	of	concrete	and	materials	

If concrete and additional materials are required, their suitability will be evaluated at later stages of 
design or during construction. 

7‐4.2 Additional	Studies	and	Analysis	
Additional studies and analysis to be completed during PED or subsequent phases of design include the 
following at a minimum: 

 Geotechnical investigation including subsurface explorations, testing, and field reconnaissance 

 Dike breach methodology 

7‐4.3 Additional	Explorations	and	Testing	
The proposed subsurface exploration plan consists of using hand equipment to explore the site, classify 
the material, and obtain basic soil properties. Hand augers are recommended in the proposed dike breach 
locations. At least one hand auger hole should be completed in each dike breach location. Auger holes are 
not expected to exceed a depth of 10 feet. The subsurface exploration plan should be reevaluated and 
coordinated with hazardous and toxic material investigations during PED to include chemical sampling 
and testing. See Section 7-9. 

7‐4.4 Laboratory‐Testing	Program	and	Evaluations	
No laboratory testing or evaluation of materials has been completed at this time.  

7‐5 ENVIRONMENTAL	ENGINEERING	
This section describes environmental engineering factors relevant to the proposed design features. 

7‐5.1 Use	of	Environmentally	Renewable	Materials	
At the conceptual design stage, use of environmentally renewable materials is not planned. However, if 
renewable materials are available they could be incorporated into the design. Specific details will be 
developed during subsequent design stages. 

7‐5.2 Design	of	Positive	Environmental	Attributes	into	the	Project	
The Milltown Island site is one of the nine sites selected to address River Delta restoration objectives to 
protect and restore freshwater input and tidal processes where major river floodplains meet marine 
waters. The existing perimeter dikes inhibit tidal flow, sediment transport, and channel formation and 
maintenance. Eliminating portions of the dikes would improve freshwater and tidal prism exchange with 
the island marsh plain, and increase hydraulic and habitat connectivity of the perimeter South Fork Skagit 
River sloughs to interior marsh channels. The proposed restoration would breach sections of the Milltown 
Island perimeter dike along Steamboat Slough and create supplemental marsh pilot channels to restore 
combined tidal/freshwater (low salinity) hydrology to the island’s interior marsh area habitats. The 
restored tidal and riverine processes will form, scour, and expand the dike breaches and marsh channels 
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within the island’s former agricultural areas. This is expected to increase channel density, but to not fully 
achieve reference site marsh channel densities. A wider gradient of habitats across the island would be 
restored, particularly the scrub-shrub wetland habitat that was lost due to past agricultural uses.  

Dike breach geometries are expected to self-adjust through erosive action, particularly in the excavated 
pilot channels, resulting in channel enlargement and deepening to geometries that are in equilibrium for 
the actual riverine and tidal prism exchange. It is assumed that explosives will be used for irregular 
breaching of perimeter dikes, as opposed to mechanical excavation, which results in reduced certainty in 
achieving and maintaining the targeted tidal prism exchange.  

7‐5.3 Inclusion	of	Environmentally	Beneficial	Operations	and	Management	for	
the	Project	

Design and construction will incorporate sustainable and ISO 14000 compliant practices. The USACE 
Environmental Operating Principles (EOPs) are designed to provide direction on achieving better 
stewardship of air, water, and land resources while showing the connection between managing those 
resources and protecting environmental health. The EOPs are to ensure that USACE actions consider the 
environment and are sustainable now and in the future. 

7‐5.4 Beneficial	Uses	of	Spoil	or	Other	Project	Refuse	During	Construction	and	
Operation	

At the conceptual design stage, beneficial uses of spoil or other refuse is not planned. However, if spoils or 
other refuse materials are available for reuse, they could be incorporated into the design. It is assumed 
that explosives would be used to blast perimeter dike breaches and create marsh pilot channels, and that 
no excavation equipment would be used. This follows from the past construction techniques that have 
been used by the proponent in coordination with WDFW since work was initiated in 2000. Specific details 
will be developed during subsequent design stages, and at that point beneficial uses of spoils or other 
refuse would be considered.  

7‐5.5 Energy	Savings	Features	of	the	Design	
Energy savings features have not yet been incorporated. In accordance with the EOPs, energy savings 
features will be a component of the design to the maximum extent practicable. 

7‐5.6 Maintenance	of	the	Ecological	Continuity	in	the	Project	with	the	
Surrounding	Area	and	Within	the	Region	

The restoration will increase ecological continuity within the site and with the surrounding area. This is 
one of several sites designed to restore the productivity and increase interconnectivity of the Puget Sound 
ecosystem. 

7‐5.7 Consideration	of	Indirect	Environmental	Costs	and	Benefits	
Indirect environmental costs and benefits will be evaluated during environmental assessments developed 
for each project at a later date. 

7‐5.8 Integration	of	Environmental	Sensitivity	into	All	Aspects	of	the	Project	
Construction will be conducted to ensure no deleterious impacts to the ecosystem will occur over the long 
term. Best management practices will be incorporated into the contract documents. Most management 
practices will cover erosion and sediment control, stormwater management, spill response and hazardous 
material management, trash and debris management, air emissions from construction vehicles, and noise 
standards. Conditions would be incorporated into the contract regarding the potential to impact fish due 
to blasting. 
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7‐5.9 The	Perusal	of	the	Environmental	Review	Guide	for	Operations	(ERGO)	
with	Respect	to	Environmental	Problems	that	Have	Become	Evident	at	
Similar	Existing	Projects	and,	Through	Foresight	During	this	Design	
Stage,	Have	Been	Mitigated/Addressed	in	the	Project	Design	

This is not a USACE operating facility. (Not applicable.) 

7‐5.10 Incorporation	of	Environmental	Compliance	Measures	into	the	Project	
Design	

All applicable laws and regulations will be followed during design and construction in accordance with the 
USACE contract documentation. 

7‐6 CIVIL	DESIGN	
This section discusses the key elements of the civil design including the selection of the site and evaluation 
of alternative layouts, alignments, and components. 

7‐6.1 Site	Selection	and	Project	Development	
Restoration of the entire extent of Milltown Island represents an opportunity to restore ecosystem 
processes necessary to support development of scrub-shrub tidal marsh, which is relatively scarce in the 
Skagit River delta, and create additional rearing habitat for salmonid species. The dikes and interior 
drainage channels surrounding the island block the free flow of tidal and fluvial waters that would 
otherwise create and maintain important estuarine habitats. The restoration at Milltown Island proposes 
to breach the perimeter dike in strategic locations along Steamboat slough and promote development of 
marsh channels to more closely mimic historic conditions.  

Full removal of all dike material was considered during conceptual design, but this was determined to be 
intrusive and potentially damaging to large areas of slough bank riparian habitat. Partial removal, or 
breaching, of existing dikes at strategic locations is anticipated to have significantly less adverse effect on 
riparian habitats and provide substantial benefits for restoring tidal channel area. A restoration 
alternative that proposed dike breaches on both sides of Milltown Island and more extensive excavation of 
marsh pilot channels was also considered but not selected for detailed analysis. 

Targeted dike breaching and marsh channel development on the island have been in progress since 2005. 
The Skagit River Systems Cooperative (SRSC) designed and implemented process-based restoration in 
partnership with WDFW from 2005 to 2007, removing and lowering selected segments of perimeter dike 
along Steamboat Slough totaling approximately 1,380 feet using explosive blasting techniques (Hinton, 
2010). Two sections of the mid-island cross dike were also partially removed as part of this work, and 
localized dendrite blind channels, totaling approximately 3,420 feet, were created in selected estuarine 
marsh habitats using similar techniques. More work has been done in the northern portion of the diked 
area than in the southern portion, although more existing marsh channels are present in the southern 
section. Restoration efforts prior to 2005 were minimal, consisting of five dike breaches in 2000 by Navy 
SEALS (Hinton, 2010).  

Table 7-6-1 summarizes the key design elements associated with the proposed restoration. Annex 1 
contains exhibits that depict the proposed restoration and quantity estimates for design elements. 
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Table 7-6-1. Key Design Elements 

Item Description of Item Approx. 
Quantity 

Breach Perimeter 
Dikes 

Create three, 200 LF breaches in dike on the west perimeter 
dike adjacent to Steamboat Slough (28 bottom width x 600 
LF) by controlled blasting; assume 3.33 CY/LF at 5 feet 
depth for ~ 2,000 CY 

16,800 SF 

Create New Marsh 
Pilot Channels 

Create 2,500 LF of marsh pilot channels on west side of 
island connected to new dike breaches using controlled 
blasting (~12 feet top width x 2,500 LF); assume 0.8 CY/LF 
at 3 feet bottom width and 3 foot depth. Assuming channels 
develop as expected, target channel density would increase 
to 60% of reference site density. Required blasting depth of 
3 feet typical; estimated volume of soils to be displaced by 
blasting new marsh channels is~ 2,080 CY (2500 LF; 
assume 22.5 SF/LF x 2500 FT =2,080 CY; 12 FT x 2500 FT 
= 30,000 SF) 

30,000 SF 

7‐6.1.1 Basis	of	design	

The existing perimeter dikes inhibit tidal flow, sediment transport, and channel formation and 
maintenance. Eliminating portions of the dikes would improve freshwater and tidal prism exchange with 
the island marsh plain, and increase hydraulic and habitat connectivity of the perimeter South Fork Skagit 
River sloughs to interior marsh channels. The restoration proposes to breach the perimeter dike on the 
west side of the island in three locations (beyond those already completed) to allow tidal/freshwater flow 
exchange from Steamboat Slough.  

The restoration of this site is designed to restore ecosystem processes and re-establish natural geomorphic 
conditions. The civil design is based in part on historical conditions as evidenced by 19th Century Coast 
Survey Topographic Sheets (Figure 7-6-1). In other words, post-restoration site conditions are intended to 
resemble or replicate the historical morphology. 

 
Figure 7-6-1. Historic Map (T-Sheet) and River History Project Data 
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The breaches would be several hundred feet in length and would extend down in elevation to the adjacent 
marsh plain. A smaller pilot channel (averaging about 12 feet in top width and 3 feet in depth) would be 
blast through the lower section of the dike breach (below the marsh level), and would be connected to 
either newly blasted or existing marsh channels (Figure 7-6-1). It is assumed that marsh channels will be 
created with bottom at approximately mid-tide level (elevation 4.5 feet NAVD 88), allowing natural 
erosion processes to deepen and widen channels with added freshwater/tidal prism exchange at dike 
breaches. See Section 8.3-1 for a description of data sources used during conceptual design. 

The larger restored riverine and tidal prism volume is expected to be roughly 460 acre-feet between the 
assumed average plain elevation (6.5 NAVD88) marsh and Mean Higher High Water tidal elevation, thus 
averaging 2.65 feet in depth. To fill that volume, an average flow of approximately 920 CFS is needed to 
enter and exit the marsh area within a 6-hour (diurnal tide) exchange period. Using an assumed average 
velocity of 1 foot per second (conservative, because velocities would be variable and generally higher 
velocities are expected) and assuming 50% of the breach cross section area within that depth range is 
effective to flow over the 6-hour tidal flood and ebb conditions, approximately 1,840 SF of dike breach 
hydraulic area would then be required to exchange that tidal prism volume. The required breach area 
using regression curves for the LaConner Swinomish Slough tide gauge station in the Applied 
Geomorphology Guidelines and Hierarchy of Openings (an attachment to this engineering appendix) is 
approximately 50% lower at approximately 900 SF, and the hydraulic geometries are predicted to be 
deeper and narrower than what is proposed for the multiple, shallower dike breaches. For the lower 
average depths from marsh plain to Mean Higher High Water tidal elevation (plus added depth in marsh 
pilot channels), riverine and tidal exchange velocities are expected to be comparatively lower, and 
consequently more cross sectional area would be required, as provided by the estimated value above.  

Prior to blasting, trees within the breach limits (where avoidance is not possible) will be cut down and cut 
into smaller lengths. Vegetation dispersal will be random from blasting, and use of excavation equipment 
with this approach is not expected. Revegetation will occur via natural processes (recolonization from 
native seed banks in areas disturbed by blasting). Plant species diversification will be supported by the 
increased influx of low salinity waters at dike breaches, and the ability of native seed banks in the 
disturbed soils to outcompete invasive species. Prior restoration efforts that used controlled blasting have 
relied on this method and results have shown a beneficial diversification of native species (emergent and 
scrub-shrub communities) (Hinton, 2010). 

Dike breach geometries are expected to self-adjust through erosive action resulting in channel 
enlargement and deepening to geometries that are in equilibrium for the actual riverine and tidal prism 
exchange. It is assumed that explosives will be used for irregular breaching of perimeter dikes, as opposed 
to mechanical excavation, which results in reduced certainty in achieving and maintaining the targeted 
tidal prism exchange. Additional studies regarding the anticipated tidal prism and constructability would 
be conducted during PED. 

Dike breaches and marsh channel construction are not intended or assumed to fully connect the entire 
intertidal area. It is assumed that once adequate dike removal occurs, via breaching, and pilot channels 
are constructed through marsh vegetation communities, the natural geomorphic processes of erosion, 
sediment transport, and deposition will promote development of targeted habitats and habitat complexity 
over time.  

7‐6.1.2 Constructability	

There are substantial constructability limitations for this site. Because no bridged road access exists to the 
island, barging of materials and equipment to the island is required. Barge access is expected to be 
primarily from Steamboat Slough, and barge access timing may be limited to approximately mid-tide level 
and above (with low draft barges). A temporary (Bailey) bridge crossing Tom Moore Slough may also be 
possible to provide equipment access and import/export of construction materials. However, given the 
required span (likely 120 feet minimum) and challenges/effects of installing and removing such a 
temporary bridge, construction access via barge has been assumed for purposes of conceptual design. A 
recreational boat launch is located on the east side of Tom Moore Slough across from Milltown Island. 
This boat launch has county road access.  
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It is assumed that explosives would be used to blast perimeter dike breaches and create marsh pilot 
channels, and that no excavation equipment would be used. This follows from the past construction 
techniques that have been used by the proponent in coordination with WDFW since work was initiated in 
2000. Using explosives rather than an excavator to implement the breach will result in less certainty 
about the depth and width of the resulting opening. A key limitation with this approach is the extent of 
soils removal achieved through blasting as compared to excavation (especially at dike breaches). 
Construction using this approach is assumed for the limited dike breaches and marsh channel lengths 
proposed.  

See Section 7-10 for additional information on construction procedures and Section 7-20 for the 
anticipated schedule for construction.  

7‐6.2 Real	Estate	
Real estate assumptions, valuations, and planning documents have been appropriately scaled for the 
current level of design. As additional surveys, modeling, and design are completed during PED, the real 
estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, Appendix F, Real Estate Plan. 

7‐6.3 Relocations	
Utility / facility relocations are not applicable to this site.  

7‐7 STRUCTURAL	REQUIREMENTS		
This section discusses the structural elements of the proposed restoration including preliminary design 
requirements and criteria for bridges or roads, a description of major structures and construction 
considerations, and recommended analyses. 

7‐7.1 Functional	Design	Requirements	and	Technical	Design	Criteria		
No bridges or structures are planned at this site. (Not applicable.) 

7‐7.2 Survey,	Hydrologic,	Hydraulic,	and	Geotechnical	Data	Used		
LiDAR survey and probable water surface elevations were used to develop the conceptual plan (see 
Section 7-3).  

7‐7.3 Site	Selection	Studies	
The site selection is summarized in Section 7-6. 

7‐7.4 Major	Structures	
No bridges or structures are planned. (Not applicable.) 

7‐7.5 Describe	Evaluation	and	Selection	of	Substructure	Alternatives	Based	on	
Economy	and	Performance	

No bridges or structures are planned. (Not applicable.) 

7‐7.6 Construction	Considerations	
No new bridges or structures are planned. See Section 7-6 for construction considerations.  
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7‐7.7 Stability	Analyses	
No bridges or structures are planned. (Not applicable.) See Section 7-4 for slope stability information.  

7‐7.8 Stress	Analyses	
No bridges or structures are planned. (Not applicable.) 

7‐7.9 Thermal	Stress	Analyses	
No bridges or structures are planned. (Not applicable.) 

7‐7.10 Other	Analyses	
No other structural analyses are planned. (Not applicable.) 

7‐7.11 Additional	Studies,	Tests,	Analyses	
Additional investigation and studies may be needed for permitting or other site requirements unrelated to 
the infrastructure. See Section 7-21 for a complete list of recommended additional studies and 
investigations. 

7‐8 ELECTRICAL	AND	MECHANICAL	REQUIREMENTS	
Electrical and mechanical structure requirements are not applicable to this site.  

7‐9 HAZARDOUS	AND	TOXIC	MATERIALS	
An Environmental Site Assessment Level I survey was completed by the sponsor on 16 Feb 
2011 . The Phase I site visit did not report any current uses that might indicate potential 
hazardous substances or other environmental problems. The site historically was used for 
agricultural farming and grazing. The wildlife area manager indicated that he suspects historic 
dump sites may be located on the property with farming related contents. Common chemicals 
associated with agricultural usages include pesticides and herbicides some persistent. There is 
the potential for lead shot from permitted hunting activities to be present in the project site from 
waterfowl hunting.  . During PED, an evaluation on whether the previous use of the area for 
hunting will be conducted in conjunction with the sponsor. The evaluation will consider changes 
to the physical conditions at the site (inundation, sedimentation, etc.) that result from the 
proposed project. This information will be used to update an exposure model to assess the 
potential impact of lead shot at the site.  

A review of the Washington Department of Ecology Facility/Site (provides information on 
facilities and sites of environmental interest see figure below) and EPA EnviroFacts database 
was accessed on 7 March 2014. A facility which has been given a site ID may be associated with a 
permitted generator, stormwater discharge permit, or storage facility etc. ID numbers are not necessarily 
limited to those sites where a release occurred. If a release occurred and is under investigation, there is a 
possibility that the facility may be further investigated and then listed on the Confirmed and Suspected 
Contaminated site list or the Hazardous Sites list. 
The M Johnson property is listed as a state cleanup site and is located east of Pioneer Highway. 
No other sites were located near the project site and no listed sites are located within the project 
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footprint. The M Johnson property (located adjacent to the project site is on the Ecology 
Confirmed and Suspected Contaminated Site List for Skagit County (only lists sites that are 
undergoing cleanup or awaiting further investigation) and is on the Hazardous Sites List (only 
lists sites that have been assessed and ranked - updated Feb 26, 2014). No additional 
information on the sites is available on the web page. 

 

 

7‐10 CONSTRUCTION	PROCEDURES	AND	WATER	CONTROL	
PLAN		

The proposed restoration will involve earthwork and exposure of bare ground during dike breaches, 
channel network excavation, and soil distribution. At this stage of design, it is assumed that standard best 
management practices will be implemented to control erosion and sedimentation and ensure construction 
areas are stabilized as needed to prevent adverse impacts. A standard temporary erosion and sediment 
control plan will be developed during PED.  

The proposed restoration will also involve in-water work during dike breaches, and will require measures 
to contain sediment that would be released in the process. Specific measures of the in-water workplan will 
be determined during PED. 

Specific measures for construction procedures and water control will vary depending on the location and 
nature of the work associated with each site. State and federal resource agencies will impose specific 
timing restrictions on in-water work to protect fish and wildlife. In addition, specific measures may be 
required under site-specific permit requirements and to protect downstream infrastructure or built 
environments. The erosion and water quality control plan will also need to consider and incorporate the 
findings of future analyses for hazardous and toxic materials at the site (as described in Section 7-9). A 
complete description of best management practices will be determined during PED. 
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7‐11 INITIAL	RESERVOIR	FILLING	AND	SURVEILLANCE	PLAN	
The proposal is for ecosystem restoration. (Not applicable.) 

7‐12 FLOOD	EMERGENCY	PLANS	FOR	AREAS	DOWNSTREAM	OF	
CORPS	DAMS	

The proposal is for ecosystem restoration. (Not applicable.) 

7‐13 ENVIRONMENTAL	OBJECTIVE	AND	REQUIREMENTS	
All necessary information to develop designs, plans, and specifications, and to execute 
construction and operations is included in the Project's supporting documents including the 
U.S. Fish and Wildlife Service report titled "Strategic Restoration Conceptual Design - 
Preliminary Environmental Contaminant, Cultural Resource, and Endangered Species Site 
Evaluations." The environmental information developed for the analysis in the Environmental 
Impact Statement provides additional environmental objectives and requirements for final site 
design development. As summarized in Section 7-6, Civil Design, substantial environmental 
information was developed for the Feasibility Study regarding environmental problems, 
opportunities, and constraints such that the Corps could estimate costs of the restoration sites 
and prepare the Real Estate Plan.  

7‐14 RESERVOIR	CLEARING	
The proposal is for ecosystem restoration. (Not applicable.) 

7‐15 OPERATION	AND	MAINTENANCE	(O&M)	
Operations and maintenance costs for the Milltown Island restoration are associated with the 
dike breaches at three locations. Overall, there would be a decrease in annual O&M costs with 
the propose restoration. The decrease is estimated to be $1,960/year on average over a 50-year 
period of analysis. The decrease in O&M is associated with a decreased length of dike requiring 
maintenance compared to the current (pre-restoration) conditions. At the current level of site 
design, all O&M activities have not been identified. Additional assessment of O&M activities will 
be conducted during PED. 

7‐15.1 33CFR	Part	208	Projects	
The proposed site is not a flood control project to be maintained and operated according to 
regulations in 33 CFR 208. (Not applicable.) 

7‐15.2 Channel	or	Basin	Clean	Out	Projects	
The proposed site does not include channel or basin cleanout activities. (Not applicable.) 
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7‐15.3 Multiple‐Purpose,	Complex	Projects	with	Power	Production	
The proposed site does not include power production. (Not applicable.) 

7‐15.4 Frequency	and	Cost	of	Maintenance	Dredging	
The proposed site does not include any maintenance dredging. (Not applicable.) 

7‐16 ACCESS	ROADS	
There is no vehicular access to Milltown Island (except by watercraft). Construction will be 
staged via boat/barge. Earthwork will occur using explosives, which obviates the need for 
temporary construction access roads. No permanent access roads are anticipated.  

7‐17 CORROSION	MITIGATION	
No new construction is proposed, and therefore corrosion mitigation is not applicable to this 
site. 

7‐18 PROJECT	SECURITY	
The proposal is for ecosystem restoration. (Not applicable.) 

7‐19 COST	ESTIMATES	
The Milltown Island cost estimate of $3,970,000 (1Q FY2015 dollars) consists of costs to breach 
perimeter dikes and to create supplemental marsh pilot channels to restore combined 
tidal/freshwater hydrology to the island’s interior marsh area habitats to Milltown Island in 
Washington State. The largest cost driver is the explosive demolition of the existing levee.  Other 
substantial cost drivers include mobilization and demobilization to the site, revegetation, and 
invasive species control. 

Following a formal cost and schedule risks analysis meeting held on July 16, 2012 and revisited 
in 2014 by NWS Cost Engineering, a contingency of 52% was developed.  The largest risk items 
are the decisions made by the PDT without the aid of a blasting expert to assist in design.  There 
may be inaccuracies in the quantity of explosives needed, the crew size or production rates.  The 
blasting patterns may need to be expanded in order to achieve the breached profile sought by 
the PDT.  A significant scheduling risk includes the potential for a second blasting season.  This 
risk arises because the end result of the blasting is fundamentally uncertain.  Additional blasting 
or excavation time may be needed, but winter weather may preclude work in the first year of 
construction. 

 Opportunities to reduce project cost include the uncertainty over how this project will be 
contracted. PSNERP projects assume small business contracting, but it is possible that a less 
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selective method will be allowed, decreasing costs. No significant schedule opportunities have 
been identified at this time. 

There are additional risks that don’t affect construction cost and schedule.  The dike breaches as 
currently assumed will require additional modeling during PED in order to mitigate the risk that 
they won’t operate as envisioned.  This design will need to consider the risk that the addition of 
these breaches will create hydraulic issues that will affect either areas across the channel, or 
downstream.   

7‐20 SCHEDULE	FOR	DESIGN	AND	CONSTRUCTION	
The proposed restoration at Milltown is considered relatively straightforward. Based on the low 
level of complexity, the anticipated design period for the site is approximately 2 years. This 
includes preparation of final design, plans and specifications, and the construction contract. 

The anticipated construction period for perimeter dike breaching and the creation of new 
interconnected marsh channels is approximately 2 months. Any in-water construction activities 
will take place during established work windows. Construction would need to occur during the 
summer months.  

Property acquisition and permitting timelines are not included in this duration. The time 
required to complete these upfront activities is unknown, but is assumed to be relative to the 
length of the anticipated design period for the site described above.  

7‐21 SPECIAL	STUDIES		
Table 7-21-1 summarizes recommended studies and additional investigations needed to support 
subsequent stages of design and implementation. Unless otherwise noted, these studies are 
recommended to take place during PED. 

Table 7-21-1. Special Studies Recommended for the Milltown Island Site 

Type Basic Requirements 

Topographic/ 
Bathymetric Survey 

 Complete a more detailed survey of site features including existing island 
habitat types and limits to support potential adjustments in dike removal 
lengths and locations to minimize adverse impacts and improve mapping of 
existing marsh channels.   

 Survey the top and toe of dikes on the east and west sides of the island 
north and south of the cross dike at a minimum of four locations 
representative of unbreached dike conditions. Surveys will also be needed 
for toe shots at the base of dikes on each side. 

 If needed, install a temporary tide gauge in the early design stages to obtain 
site-specific tidal statistics. 

Hydraulic Analysis/ 
Modeling 

 Implement a revised hydraulic model for the Skagit River reflecting the 
proposed geometry and the dike breaches to predict the with-project water 
surface profiles and confirm the extent and nature of hydraulic effects from 
the project.  
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Type Basic Requirements 

 Combine review of aerial photographs with field surveys to quantify 
channel topology and hydraulic roughness and inform geomorphic 
evaluation under restored conditions. 

 Assess hydraulics at dike breaches and effects of increased tidal prism to 
optimize breach openings and quantify effects on adjacent shores. 

 Evaluate the effects of channel reactivation on logjams present in the head 
of the sloughs and along the left bank of Steamboat Slough. 

 Formulate a monitoring plan, including any required field surveys or 
instrumentation that will be used to evaluate the project’s hydraulic 
performance. 

Sedimentation 
Analysis 

 Assess sediment transport dynamics to optimize the breach dimensions and 
locations and address concerns about restored tidal marsh evolution and 
sustainability with changing sea levels. 

 Analyze potential channel infilling and evolution of interior channels to 
determine long-term stability of the site. 

 Assess the need, if any, for slope protection or erosion/sedimentation 
mitigation measures along adjacent shorelines.  

 Evaluate temporary increases in sedimentation downstream of the site 
during the formation of any new distributary channels. 

Coastal Engineering 
Studies 

 Refine sea level projections using localized tide gauge data. 

 Review and establish final design tidal datums. 

 Conduct wind direction and wave run-up analyses. 

 Evaluate changes in salinity and sedimentation patterns in and around the 
project boundaries. 

Geotechnical 
Investigation 

 Perform subsurface explorations, testing, and field reconnaissance. 

 Dike breach methodology.  

Phase II 
Environmental Site 
Assessment 

 Assess historic fills in the site and conduct soil sampling for contaminants. 

Cultural Resources 
Investigation  

 Survey for archaeological and historic resources in areas proposed for 
excavation or other ground disturbance.  

Cost Study  Assess potential for cost and schedule reductions during refinement of 
restoration design. 

 

7‐22 DATA	MANAGEMENT	
Project documents, background materials, and digital files from the local sponsors were provided to the 
project team directly, through the State’s Habitat Work Schedule, or via the Nearshore Portal. The project 
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team also used databases previously developed by and for the Puget Sound Nearshore Project including 
the Change Analysis and backing geospatial data (see Section 7-3.1.1 for additional detail). 

Work products for the conceptual restoration designs were developed primarily in GIS and typical word 
processor and spreadsheet applications. GIS products for all sites were collected in a single geodatabase 
that captured spatially referenced locations and sizes of major design elements.  

7‐23 USE	OF	METRIC	SYSTEM	MEASUREMENTS	
This report uses United States customary units for design and construction measurements. To remain 
consistent with work conducted to date, the metric system of measurement was not used. 
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ANNEX	1:	EXHIBITS	
This annex contains a set of site-specific exhibits prepared for the proposed restoration. The exhibits 
include:  

Exhibit A – Conceptual Design Plan 

Exhibit B – Conceptual Design Sections 

Exhibit C – Quantity Estimates 
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Restoration Quantity Estimate 

I ~ 
S ite Na me: Milltown Island 

Site#: 1091 
1- Date: Revised July 2011 Revised May 2012 1- --
1-

By: Jerry Bibee, Anchor QEA ReviSed September20t2 

REMEDY: Partial restoration includes: breaching approximately 600 feet of perimeter dike, creation of approximately 2,500 feet of new interconnected marsh channE 

- connection to perimeter slough channels; use of blasting (AMFO) for excavation is assumed; equipment/materials transported/staged from barge; other items inclu 

1-
invasive species control, and limited revegetation 
Construction Period: 2 months (60 days) durin.g the s umme r months 

Item Unit of Measure 
Material 

Qty Description of Item 
Name 

ACQUISITION AND CONSERVATION Based on avai&able maoolna information 
ReQUtred Pro ect Lands Acre 173 Total land reauired for action 
Proponent / Partner-cooed lands Acre 316 Estimate of lands currently owned by Proponent I.e., Public lands 
lands To Be Acquired Acre 0 Estimate land required to be acquired ror action prior to implementation 

Material Sites Not Used' See Earthwork • Imported Fill, 

MOBILIZATION AND ACCESS tor construction activities Oescnptio{'l required for each Item to racllltate eost esttmatif'lg 
MODIUZatlon • YPK:a 
(Equipment. Personnel, Planning, Flnancial) LS NA 
Mobilization - Remote Up front cost for nontypical or remote tocatlons Assume 12~ or other items, Assume high mobilization for 
Equi menl Personnel. Planning, Financial) LS 1 staging or equipmenvmaterials by barge 

Site Access LS NA 

Barge Access Days 60 
I Describe need tor barge access: asSIJme 1 barge needed for 2 months during summer construction season 
for expfosives transport for btasting operations 

Temporary Traffic Contro l o ne or the following) Includes Installation of traffic signals. s)Qna_ge. signmen. etc. There are 4 types as rollows: 
none LS NA 
signs LS NA 

nags I spotters LS NA 
unique LS NA 

Temoorarv Roadway SF NA 
Control of Water LS NA 

Relocation Activities Not Used: See Utilities, Structures 

Site Demolition Activities 1uemo it10n anc remova o structures ~oescnphon reqUirea), temporary eatures ana re ocauons, 1temaea 
separately): Ciearlng and gnJbbing or vegetation, and removal of m1nor debns (rooks, slabs)-descnption 
reailired, 

C learing and Grubbing one or more of follow ing) Use one or more of the following categories of clearing and grubbing 
Vegetation removed by hand above grade and disposed locally; CJeanng/stnpping ofvegetatton assumed 
for area of proposed perimeter d ike breaches and marsh channel creation for blastJn.g: 28ft x soon In 

Clear Vegetalion- Local Disposal AC 1.1 add lion to 13ftx 2500ft 
Clear /GnJb Vegetallon · Local Disposal AC NA 

Clear /Grub V~etation - Offslte D~sal AC NA 
egeta 10n IS segregated ana stoCKPI eel / prepared or reuse on site; Assume 24 trees wttn rootwaCJs 

removed with dike breaches for placement'" marsh restoratiOn area (assumes 25ft spacing along 600 n 
Clear, stockpile - large woody debris EA 24 dike breaches). As these v.lll be placed by hand. cutting large logs may be necessary 

Hydraulic Structures- Small LS NA 
Hvdraullc Structures - Laroe LS NA 

Utilities lS or lF NA 
Buik:linas LS or SF NA 
Pavement LSorSF NA 
Bulkheads LF or SF NA 
Rock revetments LF Ton or CY NA 
Laroe Coastal Structures LF. SF orCY NA 
Demolition I Removal - Bridoe SF or CY NA 
Removal - Misc. e.g . an ular rock tram beach Ton NA 
Demolition I Removal - Boat Ramp SF NA 
Haul - Offsi'te Disoosal of Demolition Debns Miles NA 

Hau:rdous/Contaminated Waste Removal ese Items or earthYt'Ork o qu~~~-no compano1e Wl1 wenanas, requ ng spec1a1 nanaung ana a;sposa 
Describe basis for cassiftcation as contaminated or hazardous. State known or suspected contamination, 
describe known slmlla1 work. 

Contaminated Earthwork CY NA 
Hazardous Earthwork CY NA 

Construct Temporary Features EA Use as needed for unusual temporary features not included elseWhere (see TESC beJow) 

EARTHWORK E)(pand to lndude equipment, etc to facilltate cost estimating, 
Excavation CY NA 
Excavation- Upland CY NA 
Excavation - lowland CY NA 
Dredaina- Bucket • Land CY NA 
Oredoino - Bucket - Ma~ne CY NA 
Dred lng - Hydraulic CY NA 
Fine Grading AC NA 

I Required Dlashng depth or 5 reel; use o explOsiVes or Dlasting cons1stent with prior d1ke breac 1ng act ons: 
estimated volume of soils to be displaced by btastmg is 2 ,000 C V; length=600ft; volume=-90sMf x 

Excavation - Blasting (AMFO) • Dike Breach SF 16.800 600it=2000cy; area=28ft x 50011=t 6800st 
IReqwed Dlast1ng depth of 3 0 eet typiCal; use of explOSIVes lor Dlast1ng cons1sten1 With pr" r marSI1 
channels creahon actions: eS!imated volume of soils to be displaced by blasting Is 2,080 CY, length.:25001f, 

Excavation • BlastillQ (AMFO) · Marsh Channels SF 30000 volume=22.5sflltx2500ft=2,0BOcy: area= 12ft x 2500ft=30000st 
F ill Placement . local borrow This is additive to Earthwork -E)(cavaUon 
Side cas\ CY NA 
Haul - uncontrolled placement CY NA 
Haul. clace. comcact CY NA 
StOCk ile - uncontroned placement CY NA 
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Restoration Quantity Estimate 

Site Name: Milltown Island 

Site#: 1091 
1-

Date: Revised July 2011 Revised May 2012 
1-

B y: Jerry Bibee, Anchor OEA Revised September 2012 

1-
REMEDY: Partial restoration Includes: breaching approximately 600 feet of perimeter dike, creation of approximately 2,500 feet of new interconnected marsh chann 
connection to perimeter slough channels; use of blasting (AMFO) for excavation is assumed; equipment/materials transported/staged from barge; other items inclu 

1-
invasive species control, and limited revegetation 
Construction Pe riod: 2 months (60 days) during t he summer months 

Item Unft of Measure 
Material 

Qty Description of Item 
Name 

Stock ile -controlled placement CY NA 
Convevor lacement from stockoile land/water CY NA 

Imported FiU 
Select Fill CY NA 
Gravel Sorrow includlnq haul CY NA 
Sand I Gravel for Beach Nourishment CY NA 
Cobble for Shore Nourishment CY NA 
Embankment Comoaction CY NA 
Toosoll CY NA 

RESTORATION Features 
Channel construction (SF) Including imported sediment and habitat materials, excluding eKcavation: see 

Channel Rehab I Creation SF 32 500 excavation by blasttnQ above· 13ft x 2500ft 
Large Wood Placement EA 24 Per each log, Including drift logs lower river log ·ams, etc: see Clearing above 

Per acre control described In drawings and narrative: Assumes 40 ft width control area along created marsh 
Invasive Spec.es Control Acre 23 channel lenglh (assumed primary blasting zone: 20 feet each side of channel centerline); 40ft x 2500n 
Phvsical Exclusion Devices LF or EA NA 
other Restoration Features/ Activities LS NA 

Structures EA 
Water Control Structures · Culverts With Gates EA NA 
Water Control Structures · Weirs EA NA 
Rock Slope Protection LF NA 
Other EA NA 
Elevated Boat Ramo SF NA 
FencinQ SF NA 

Utilities epcacemen or re10cauon ues~gner o proviCle SIZe anc ma ena ana 1 ave separa e 1ne 1 em or eac run. 
lnck1entats Include ear1hwork. testing, hook up fees. e~c. These quantities do not Include demo~Uon of 
e)C~ng ulihtles, real estate I easements, design fees. Describe the owner If known, and Whether utility 
franchise Will Instal {e.g .. electric is 1\>pically Installed by electrical franchise). 

Water LF NA 
Gas LF NA 
Electric LF NA 
Sewer LF NA 
Telecommunications LF NA 
Other LF NA 

Roadwa / Railway 
Roadwav Tvoe SF NA 
Roadwav - TraffiC Sianal LS NA 
Culvert :tvpeJ LF NA 
Culvert - Jackina LF NA 
Cutvert • Honzontal Pile Onvmg LF NA 
Bridge - Foundations. Deck and Appurtenances SF NA 
Railwav · Box Girder SF NA 
Railwav · Foundation LF NA 
Railway - Shoe 11V LF NA 

Pennanent Access Features 
Roads level NA 
Utilit Access Routes varies NA 
Erosion Control Features L.F. NA 

Public Access or Recreation Features 
Tratts SF NA 
B!f<lges SF NA 
Kiosk EA NA 
Restrooms EA NA 
Interpretive Signs EA NA 
Parking Area SF NA 
other EA NA 

Vegetalion & Erosion Control 
Hydroseeding AC NA 

Describe, provide breakdown on unit area baSis: Supplemen1 natural recruitment With timlted~te nat1ve 
Plantlna AC 23 scrub.scrub hand· lantinQ alonQ marsh channel- assume lantlnos at 1 0' oc 40ft x 2500ft 
Vegetation Maintenance AC-YR 2 3 Includes Irrigation, VJeedin , plant replacement for one year: 40ft x 2500ft 

BMPs for control of drainage- describe. Assume compliance with Construction General NPOES; 28ft x 600ft 
Erosion I sediment BMPs - Temp" AC 1.1 in addition to 13ft -x 2500ft 
Erosion I sediment BMPs- Permanent AC NA May want to separate slopes over 25% into separate category 
Waterside controls · Tempararv LF 500 sm cutain alonQ dike breach lenQth 

Construction ManaQement 
Construdton oversiQht weeks 8 Quantitv based on construction duratkmJ # of construction seasons 
Materials testing NA 

Design and Detailed Site Investigations 
Survey & Property, Utll~y Research LS 1 % of construction cost 
35% Oeslgn LS 1 35% x 25% x Engineer's Esllmate 
65% design LS I 65% x 25% x Engineer's Estimate less the cost for 35% PS&E 
90% desian LS t 35% x 25% x Enoineer's Estimate less the cost for 35% + 65%PS&E 
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Restoration Quantity Estimate 

Site Name: Milito"" Island 

t Site#: 1091 

Date: Revised July 2011 

- By: Jerry Bibee, Anchor QEA-

!. 
-- Revised May 2012 

Rev ised September~ 

Exhibit 8C 

Page 3 of 3 

REMEDY: Partial restoration includes: breaching approximately 600 feet of perimeter dike, creation of approximately 2,500 feet of new interconnected marsh chann• 

1-
connection to perimeter slough channels; use of blasting (AMfE) for excavation is assumed; equipment/materials transe_ortedlstaged from barge; other items inclu 

1- invasive species control, and limited revegetation 
Construction Period: 2 months (60 days) during the summer months 

--

Item Unit of Measure 
Material 

Qty Description of Item 
Name 

100% design LS 1 25% x Engineer's Estimate less previous costs 
Geotechnical Studies 1 Refer to design report for description of need 
Cultural Studies 1 Refer to desl_gn report for description of need 
HlWR Studies 

Pro·ect Agreement Activities Unable to provide credible estimate at 10% design 

Site-Specific Adaptive Management Features & Activities List if known 

Monitoring Activities Assume 5 crew-days/Year for each monitoring parameter in desi n report for 5 vrs 
Ail monitoring activities crew-<lays 150 

Operations & Maintenance Unable to pr<>vlde credible estimate at 10% design 
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ANNEX	2:	COST	ESTIMATE	DETAILS	
Cost estimate details include estimated costs, anticipated construction schedule, and risk 
register.  
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Print Date Wed 23 July 2014 
Eff. Date 6/30/2014 

U.S. hmy Corps of Engineers 

PrQjeot : Milltown lsl~d EstuEiry 
PSNERP Feasibility Report 

Mill town Island Estu!lry 
Milltown Island Estuary 

11me 09:27:.20 

nuePaga 

OBJECTIVE: Breach peri metlers dikes and create supplemental marsh p11ot channels to restore combined tidal/freshwater hydroloy to the island's interior mwsh wee habitats to Milltown 
Island, WA 

Labor ID: NLS2012 EO liD: EP11 R08 

SELECT ED ALTERNATIVE: This estimate l$ for the Par tiel RB$Ioration Altemativs. 
BASIS OF COSTS: MU English Costpook and associated ·libraries, vendor pricing, a!'ld built crews. 

SO OPE OF WORK: Final Feasibility Report 
ESTIMATE CLASS; Conceptual, Level 4 

OnginaJ Estlmat Alllhony Rodriguez. CCC (NWS) 

Revised Estimate: Antho'1Y Rodriguez, CCC (NWS) 

Estimated by 
Designed by 

Prepared by 

Preparation Date 
Effective Date of Pricing 

Estimated Consb·ucdon Time 

Seattle Dislriot, Cost Estimating Seetiol'l 

Sea"le District 
Anthony Rodriguez, EIT 

6130/2014 
6/30/2014 
60 Days 

This report is not copyrighted, but the lnformatio1'1 oontail'1ed herein ls For Official Use Only 

Currency in US dollars TRACES Mil Version 4 .2 
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Print Date Wed 23 July 2014 
Eff. Date 6/30/2014 

Designed by 

SeatUe District 

Estimated by 

SeatHe District, Cost Estimating Section 

Prepared by 

Anthony Rodriguez. EIT 

Direct Costs 

LaborCost 

EQCost 

MaHCost 

SubBidCost 

U.S. Atmy Corps of Engineers Time 09:27:20 
Project: Milltown Island Estuary 

PSNERP Feasibility Report library Properties Page i 

Coslbook CB12EB·b: Mil English Cost Book 2012-b 

Labor NLS2012: National Labor Library · Seattle 2012 

Design Document 10% WDNR Design Report 

Document Date 6/30/2014 

District SeatUe 

Contact Anthony Rodriguez, EIT 206.764.6953 

Budget Year 2015 

UOM System Original 

Tlmellne/Currency 

Preparation Date 6/30/2014 

Escalation Date 6/30/2014 

Elf. Pricing Date 

Estimated Duration 

Currency 
Exchange Rate 

6/30/2014 

60 Day(s) 

US dollars 
1.000000 

w.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable. In a non-union job the whole fringes are taxable. In a union jot>, the vacation pay fringes is ll 
Labor Rates 

LaborCost1 

LaborCost2 

LaborCost3 

LaborCost4 

08 NORTHWEST 
Sales Tax 5.40 

Working Hours per Year 1.540 
Labor Adjustment Factor 1.05 

Cost of Money 2.50 

Cost of Money Discount 25.00 
Tire Recap Cost Factor 1.50 

Tire Recap Wear Factor 1.80 
Tire Repair Factor 0.15 

Equipment Cost Factor 1.00 
Standby Depreciation Factor 0.50 

Labor 10 : NLS2012 EQ ID EP11R08 

Equipment EP11R08: Mil Equlpment2011 Region 08 

Fuel 
Electricity 0.072 

Gas 3.670 
Diesel Off-Road 3.450 

Diesel On-Road 3.990 

Currency in US dollars 

Shipping Rates 
Over 0 CWT 28.32 

Over 240 CWT 26.60 

Over 300 CWT 24.23 

Over 400 CWT 22.06 

Over 500 CWT 11.26 

Over 700 CWT 9.51 

Over 800 CWT 6.48 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 

Eff. Date 6/30/2014 

labor ID: NLS2012 EO 110: EP11 R08 

U.S. hmy Corps of Engineers 

ProJect : Milltown lel~d EstuEiry 
PSNERP Feasibility Repo1·t 

Currency in US dollar<> 

Time 09:27:20 

librruy Propertfes Page li 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 
Eft. Date 6/30/2014 

Direct Cost Markups 

Productivity 

Overtime 

Standard 

Actual 

Day 

Monday 

Tuesday 

Wednesday 

Thursday 

Fflday 

Saturday 

Sunday 

Sales Tax 

MatiCOS! 

Contractor Markups 

JOOH 

JOOH- Sub 

HOOH 

HOOH - Sub 

Profit 

Bond 

Excise Tax 

Owner Markups 

Escalation - F&W 

Escalation - Channels 

Escalation - Levees 

StartDate 
611512011 

StartDate 
611512011 

StartDate 

Days/Week 

500 

500 

OTFactor 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

2.00 

Labor ID: NLS20 12 EQ ID: EP11 ROB 

U.S. Army Corps of Engineers 
Project : Milltown Island Estuary 

PSNERP Feasibility Report 

Category 

Productivity 

Overtime 

Hours/Shift 
8.00 

8.00 

TaxAdj 

Category 

JOOH 

JOOH 

HOOH 

Allowance 

Profit 

Bond 

Excise 

Category 

Escalation 

Startlndex 
723.37 

Escalation 

Startlndex 
750.06 

Escalation 

Startlndex 

Working 

Yes 

Yes 

Yes 

Yes 

Yes 

No 
No 

Shifts/Day 
1.00 

1.00 

End Date 
1012612015 

EndDate 
10126/2015 

EndDate 

Currency in US dollars 

Method 

Productivity 

Overtime 

1st Shift 
8.00 

8.00 

2nd Shift 
0.00 

0.00 

OTPercent 

0.00 

Running % on Selected Costs 

Method 

Running % 

Running% 

Running% 

Running % 

Running % 

Running% 

Running% 

Method 

Escalation 

End Index 
777.58 

Escalation 

End Index 
806.27 

Escalation 

End Index 

Time 09:27:20 

Markup Properties Page iii 

3rdShift 
0.00 

0.00 

FCCM Percent 

0.00 

Escalation 
7.49 

Escalation 
7.49 

Escalation 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 U.S. Army Corps of Engineers Time 09:27:20 
Eff. Date 6/30/2014 Project : Milltown Island Estuary 

PSNERP Feasibility Report Markup Properties Page iv 

6/1512011 757.99 1012612015 814.78 7.49 

Escalation - Floodway Escalation Escalation 

StartDate Startlndex EndDate End Index Escalation 
611512011 723.37 1012612015 777.58 7.49 

Escalation -Cultural Escalation Escalation 

StartDate Startlndex End Date End Index Escalation 
6/1512011 741.91 1012612015 797.51 7.49 

Labor ID: NLS20 12 EQ ID: EP11 ROB Currency in US dollars TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 U.S. Army Corps of Engineers Time 09:27:20 
Eff. Date 6/30/2014 Project : Milltown Island Estuary 

PSNERP Feasibility Report Project Cost Summary Page 1 

Descri lion Quantity UOM ContractCost Escalation Contingenc;t SIOH ProjectCost 

Project Cost Summary 886,672 0 0 0 886,672 

886,671.98 886,671.98 
Milltown Island Estuary (Partial Restoration) 1.00 EA 886,672 0 0 0 886,672 

886,671.98 886,671.98 
Milltown Island Estuary PARTIAL 1.00 EA 886,672 0 0 0 886,672 

Fish and Wildlife Facilities 1.00 LS 204,684 0 0 0 204,684 

Wildlife Facilities & Sanctuary 1.00 LS 204,684 0 0 0 204,684 

175.29 175.29 
Channels and Canals 2,500.00 LF 438,231 0 0 0 438,231 

175.29 175.29 
Channels 2,500.00 LF 438,231 0 0 0 438,231 

35577 35577 

Levees and Dikes 600.00 LF 213,461 0 0 0 213,461 

35577 35577 
Dikes 600.00 LF 213,461 0 0 0 213,461 

30,296.33 30,29633 

Cultural Resource Preservation 1.00 EA 30,296 0 0 0 30,296 

30,296.33 30,296.33 
Cultural Resource Preservation 1.00 EA 30,296 0 0 0 30,296 

Labor ID: NLS2012 EQ ID: EP11 ROB Currency in US dollars TRACES Mil Version 4.2 
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10 6 _eskNt~~me Ouretioo J Start L Finish -· JPredecessors Resource Names ~un ;l.Q, '19 - [Jufr'19 I J~ 'iiTc:w I ).!1121, '19 Ju~19 
I F s -s M L__YV] T L• 1 s T ! F I S_J, S M T w T F S_J SJ TIJ-w::o 

1 ~McO/DemoO 10 deys Moo 7/1/19 Fri 7112/19 
s - MI T li'i::: T 

2 SUrvey 2days Mon 7115/19 Tue 7116/191 
~,-

Sediment Cont·ol 2days Moo 7/15/19 Tue 7116119 1 !- LWO Removal 2days Wed7117/19 Thu 7/18/193 

5 Create March Channels 27 days Frl?/19/19 Mon Bn61194 
6 Create Dike Breach 16days Tue 8t2.7/19 Tue 91171195 

7 
1--

Plantings 6days Wed9118/19 Wed 91251196 

~~~9 Au 11 '19 Aflli AuJt,?S '19 SffiLr-- I SeQ8 '19 sr-P~19 T "n<ll9 T w T F I S J. S M ~LLLJ. S .J. S M T w 1 T I F 1 s l s' '-"LLL.L W T F s j_ s _., __ T_ W I T ' F I s ' s _[11 T w T F s w T F S [ S M T • w T I 

P,cject: "'"""" Sclledule 1Jul14.mpi I Task Progress SUrr<na<y Extemallasks Dead ine " Date: Tue 7122/14 Split ''""""'"'""'"'"' ''"''''"' Milestone 0 Project Summary External Milestone C> 

,... 2 
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PSNERP Milltown Island Part1al Restoration (Feasab11ity Phase)- PDT R1sk Reg1ster 

PMimeters dik u and create supplemental marsh pilot channels to rutore combined lidatnrnhw:at~~r hydroloy to the l1.land's Interior 
area habitats to Milltown Island, WA. 
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8-1 GENERAL – NOOKSACK RIVER DELTA 
8-1.1 Overview of Restoration Site 
The Nooksack River Delta is centered on the Lummi Reservation north of Bellingham in the San 
Juan/Georgia Strait Subbasin. The proposed restoration site encompasses nearly all of the Nooksack and 
Lummi River Estuaries below Ferndale. The flow path of the Nooksack River has been modified since the 
mid 19th century beginning with active removal of large wood, draining, diking, and levee construction, 
which forced almost all flow to the east side of the delta. The diversion of flow from Lummi Bay to 
Bellingham Bay occurred around 1860, when debris from a log jam, the “Portage Jam,” near what is now 
the city of Ferndale, blocked the river and diverted it to a smaller stream that flowed into Bellingham Bay 
(Collins and Sheikh, 2003). 

Since around 1860, the Nooksack River has flowed to Bellingham Bay. This shift of the lower Nooksack 
River virtually eliminated migration of stream channels over the Lummi River delta (Bortleson et al., 
1980). Early General Land Office mapping (circa 1887-1888) shows that significant meandering channels 
and intertidal habitats existed on both sides of the Lummi Peninsula. Today, substantial surface water 
diversions, groundwater withdrawals, and drainage activities within the Nooksack River watershed also 
impact the magnitude, timing, and duration of surface water flows in the Nooksack River. 

The Nooksack River Delta site was selected to address River Delta restoration objectives to protect and 
restore freshwater input and tidal processes where major river floodplains meet marine waters. Target 
ecosystem processes include: 

• Tidal flow 

• Freshwater input (including alluvial sediment delivery) 

• Erosion and accretion of sediments 

• Distributary channel migration 

• Tidal channel formation and maintenance 

• Detritus recruitment and retention 

• Exchange of aquatic organisms 

The proposed restoration would remove levees, roads, and other barriers to restore water and sediment 
processes throughout a substantial portion of the historical Nooksack River delta. Flood protection for 
active businesses, residences, farms, and transportation infrastructure would be preserved for much of 
the delta. The restoration is also intended to allow for the implementation of the proposed Lummi Nation 
Wetland and Habitat Bank (Lummi Nation, 2008). It is understood that these elements would need to be 
performed by the Lummi Nation, and they would not be implemented as part of a federally funded 
restoration project. The conceptual restoration plan for the Nooksack River delta has the following main 
elements:  

• Levee removal 

• Channel creation and rehabilitation 

• Hydraulic modifications 

• Substantial property acquisition 

• Alterations to bridges and other transportation elements 

• Underplanting of conifer trees 

• Invasive weed control/management 
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A restoration alternative that proposed removal of levees, roads, and other barriers and substantial 
property acquisition so that the entire Nooksack River delta would be subject to flooding was considered 
but not selected for detailed analysis. Details of the restoration design are provided in Section 8-6 and 
shown on the exhibits provided in Annex 1. Figure 8-1-1 shows the Nooksack site and vicinity.   

 
Figure 8-1-1. Nooksack River Delta and Vicinity 
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8-2 HYDROLOGY AND HYDRAULICS 
The Nooksack River watershed (Figure 8-2-1) covers 950 square miles ranging from sea level up to the 
glaciers of Mt. Baker at 10,781 feet. In the upper watershed, three main forks converge before the river 
enters low gradient, agricultural lowlands. The Lummi River, located in the lowland delta, was the main 
discharge route for the Nooksack Watershed until the mid 1800s (Collins and Sheikh,2003). The Lummi 
River is now mostly disconnected from the Nooksack River and only receives occasional limited flows 
from the Nooksack through a partially collapsed culvert. In the area of the junction between the two 
rivers, the active sedimentary environment has resulted in a grade difference between the Nooksack and 
the Lummi Rivers, making the reestablishment of a hydraulic connection difficult. The Nooksack River 
currently discharges to Bellingham Bay while the Lummi River discharges to Lummi Bay. Estimated 
annual rainfall averaged over the watershed is 78.5 inches.  

 
Figure 8-2-1. Nooksack Watershed 

The project site encompasses portions of the Nooksack and Lummi River Estuaries downstream of the 
city of Ferndale, Washington. It covers parts of the Lummi Nation lowlands as well as agricultural land 
south of Ferndale. Almost the entire project area lies below the 100-year flood elevation. The hydraulic 
intent at this site is to restore aspects of natural river and tidal flow to the Nooksack and Lummi 
Estuaries. The proposed work at this site is intended to increase the frequency of flooding in uninhabited 
riparian areas. Flood impacts will be mitigated by use of levee setbacks, raised roadways and the 
installation of flow control structures. The restoration is not anticipated to affect the 100-year or 500-year 
return interval flooding. No new levees are planned for this site; however, new setback levees are planned. 
Since the planned levee setbacks and the setback of the North Red River Road may alter the flooding 
pattern from riverine and coastal flooding in the delta, there may be some net changes in flowage 
easements.  



Engineering Appendix  Section 8 
Nooksack River Delta  Page 4 

The hydraulics and hydrology for all restoration sites in the Puget Sound Nearshore Ecosystem 
Restoration Project were evaluated using an area of potential hydraulic effects specific to the construction 
requirements for each particular site. The upstream and lateral limits for this area represent the 100-year 
base flood elevation derived from a combination of Federal Emergency Management Agency (FEMA) 
flood maps and Flood Insurance Studies as well as U.S. Army Corps of Engineers (USACE) base flood 
elevation determinations. Downstream and seaward limits are based on changes in shoreform type and 
best professional judgment.  

Figure 8-2-2 shows the area of potential hydraulic effects for the Lummi/Nooksack Delta. The upstream 
and lateral limits were set according to the 100-year base flood elevation as determined by the FEMA 
Flood Insurance Study for unincorporated Whatcom County, community 53073C (revised 2004). The 
seaward limit was taken as the downstream extent of most estuarine sediments visible on aerial 
photographs. The base flood elevation as detrmined by FEMA ranges from over 14 feet (NAVD88) near 
Bellingham Bay to approximately 25 feet at the junction of the Lummi and Nooksack Rivers, a distance of 
about 4.6 miles. The limits of the area of potential hydraulic effects does not incorporate the potential for 
sea level change but this potential is discussed in Section 8-2.1.9. 

 
Figure 8-2-2. Nooksack Delta: Area of potential hydraulic effects 

8-2.1 Functional Design Requirements 
This section describes the hydrologic and hydraulic setting for the site and the intended hydraulic 
consequences of the design features. 
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8-2.1.1 Consequences of flows exceeding discharge capacity of the project 

The purpose of this site is to restore aspects of natural tidal flow and sediment transport to the Nooksack 
and Lummi Estuaries, allowing the reestablishment of portions of a distributary channel system. Water 
control structures include setback levees and an engineered diversion structure controlling flow at the 
junction of the Nooksack and Lummi Rivers. These structures will be designed to convey discharges 
equivalent to the current capacities of the existing levees. Flows in excess of these discharges may result in 
local flooding of areas adjacent to and downstream of these structures. These consequences will be 
assessed during Project Engineering and Design (PED).  

8-2.1.2 Project-induced changes obligating mitigation 

Mitigation, in the context of this site, applies to compensation of local stakeholders for any loss of 
function or detrimental project-induced changes. The possible project-induced changes obligating 
mitigation, as identified at this stage of design, are summarized below: 

• Roadway realignments, levee setback, and relocation of utilities may require right-of-way changes 
affecting local landowners. 

• Private properties in the floodplain will likely experience some changes in flood patterns as a 
result of the work at this site. The extent of the flooding changes will be addressed during PED. 

• The removal of flow restrictions such as levees and culverts and the widening of bridge openings 
will allow the mobilization of sediments that have been impounded in the Lummi River Estuary. 
This may have temporary sedimentation effects on local vegetation, fish, and shellfish populations 
in Lummi Bay. The amount and potential areas of sedimentation will be addressed during PED. 

• Restoration of the lower Nooksack floodplain and Lummi River flows may change channel 
morphology in the lower Nooksack River. This may impact navigability, access to current tribal 
fishing sites and water supply to the fish hatchery intake on the Lower Nooksack River near 
Marine Drive. Hydraulic changes and potential associated effects will be modeled and evaluated 
during PED to address concerns raised by tribal representatives. 

• Fecal coliform bacteria loading from the Nooksack River has, in the past, adversely impacted 
Portage Bay in the western part of Bellingham Bay near Portage Island. Diversion of water from 
the Nooksack channel into the Lummi River, and then into Lummi Bay, carries a risk of potential 
closure of Lummi Bay shellfish beds to ceremonial, subsistence, and commercial harvest until 
acceptable water quality conditions are re-established. 

• The community of Marietta and certain other residences will have to be acquired or relocated due 
to concerns for increased flooding and sedimentation. 

8-2.1.3 Discharge-frequency relationships  

Predictions for river discharge-frequency relationships are available from multiple sources. A Flood 
Frequency Analysis (FFA) prepared by WEST Consultants Inc. for USACE in 2011 gives the most 
conservative estimates. This source has the longest period of record. This study used U.S. Geological 
Survey (USGS) gauge readings taken from the Nooksack River at Ferndale (USGS 12213100) between 
1945 and 2010. The Ferndale gauge is about 1.5 miles upstream of the head of the Lummi River. Estimates 
are shown in Table 8-2-1. Also included are discharge-frequency estimates from a 2004 FEMA Flood 
Insurance Study for Whatcom County (53073CV000A). Discharges from this study are adjusted for 
overflow losses at Everson. Overbank losses to the Sumas River, to the north, are significant for events 
greater than 10 years (FEMA, 2004). Another study by Delbert D. Franz (2005) looked more closely at the 
overbank losses. The two studies that consider losses to the Sumas River predicted much lower discharges 
than the traditional Flood Frequency Analysis. For the purposes of analysis, the higher estimates from the 
USACE Flood Frequency Analysis study are included as a conservative assumption. The hydrology for the 
Nooksack River Delta will be reviewed in PED. 
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Table 8-2-1. Peak Discharge-Frequency predictions for the Nooksack River near Ferndale 

Method 
10-year 

(cfs) 

50-year  

(cfs) 

100-year 

(cfs) 

500-year 

(cfs) 

USACE FFA, 2011 41,085 58,604 67,201 90,567 

FEMA FIS, Whatcom 
Co. 2004 40,000 48,500 51,000 - 

Franz 2005 Study 25,030 39,700 57,072 60,866 

8-2.1.4 0.2% chance of exceedance flood (500-year return interval flood) 

The area of potential hydraulic effect for the Nooksack Estuary is dominated in the lower reaches by storm 
surge from Lummi Bay and Bellingham Bay, and in the upper reaches by fluvial flows. Table 8-2-2 
summarizes the 500-year hydraulic conditions for the site area. Since work at this site involves the 
construction or modification of several bridges on major roadways (Ferndale Road, Slater Road (2), 
Hillaire Road, Imhoff Road, and Haxton Way), the 500-year return coastal base flood elevations from 
Lummi and Bellingham Bays may need to be determined during PED. The base flood elevation includes 
factors such as storm surge and atmospheric effects but does not include sea level change. 

Table 8-2-2. 500-year return interval hydraulic conditions for the  
Nooksack Delta 

Flooding source Elevation (feet, NAVD88) Discharge (cfs) 

Lummi Bay  (BFE) TBD - 

Bellingham Bay (BFE) TBD  

Nooksack River - 90,567 

8-2.1.5 Stage-discharge relationships 

Current stage–discharge relationships as reported in Table 8-2-3 are from the FEMA Flood Insurance 
Study (2005). A HEC-2 model was used to obtain water surfaces for this study. Stage locations are at the 
Slater Road bridge and the head of the Lummi River. In order to forecast the new stage-discharge 
relationships, a 2-D hydraulic model will have to be implemented which reflects the proposed geometry of 
the estuary. In certain locations, such as at the flow diversion, a 3-D model or physical model may be 
required. This will be addressed during PED. 

Table 8-2-3. Stage discharge relations as shown in 2005 FEMA  
Flood Insurance Study for the Nooksack River 

Location 
10-yr Stage 

(feet 
NGVD29) 

100-yr Stage 

(feet 
NGVD29) 

500-yr Stage 

(feet 
NGVD29) 

Slater Road Bridge near 
river mile 3.3 

16.9 17.2 17.5 

Head of Lummi River near 
river mile 4.6 

21.3 21.9 22.5 
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8-2.1.6 Flow duration 

Flow duration data are available from daily discharge readings near Ferndale (USGS 12213100) for the 
period between October 1966 and the present. An unsteady flow analysis or flood flow routing will likely 
be required for this site and will be part of the 2-D hydrodynamic modeling.  

8-2.1.7 Flood inundation boundaries and flood stage hydrographs 

The current flood inundation boundaries as reported for the 100-year flood event in the Whatcom County 
FEMA Flood Insurance Study are shown in Figure 8-2-3. For clarity, forecast 100-year flood elevations 
have been noted on the FEMA map at the flow split of the Lummi and Nooksack River and at the 
downstream project limits. In order to forecast the new flood inundation boundaries, a 2-D hydraulic 
model will have to be implemented which reflects the proposed geometry of the estuary. In certain 
locations, a 3-D model or possibly a physical model may be required. This will be addressed during PED.  

 
Figure 8-2-3. Current FEMA 100-year flood zone from Flood Insurance Rate Map. 

Aggregated from map numbers 53073C-1160D, -1170D, -1180D, and -1190D (FEMA, 2004) 

8-2.1.8 Reservoir yields 

No reservoirs are planned as part of this site. (Not applicable.) 

24 ft NAVD88 

14 ft 
NAVD88 

14 ft NGVD88 
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8-2.1.9 Risk and uncertainty analysis for sizing of the project under study 

Channel sizing 

Given the complexity of this restoration, none of the empirical channel sizing equations are appropriate 
for the channel sizing design. A 2-D hydrodynamic model should be used to determine the appropriate 
channel sizing and configuration. In certain locations, a 3-D model may be appropriate. This will be 
addressed during PED. 

Sea Level Change  

The Nooksack River Delta is located in the San Juan Islands – Georgia Strait Sub-basin of Puget Sound. 
Sea level change calculations for the San Juan Islands – Georgia Strait Subbasin are based on the Friday 
Harbor tide gauge and are calculated using the guidance under ER 1100-2-8162 Incorporating Sea Level 
Change in Civil Works Programs (USACE, 2013). Table 8-2-4 shows the range of sea level change 
projections for the 50-year project life, indicating a maximum sea level change of 2.86 feet in 50 years. 
The largest risk associated with sea level change at this site is the displacement of habitat upstream, with 
vegetated marshes becoming intertidal habitat and intertidal habitat becoming subtidal habitat. Tidal 
marshes can adapt to sea level change by building elevation to keep pace with the rising water levels, but 
this requires an adequate supply of sediment and/or organic matter accumulation. Future studies should 
include a sedimentation analysis to determine what impact the restoration will have on sedimentation 
rates and if there is sufficient sediment accumulation to keep pace with the projected sea level change.  

Table 8-2-4. Projected Sea Level Change (feet) Friday Harbor (Gauge 9449880) 

Year Low (feet) Intermediate 
(feet) High (feet) 

2025 0.12 0.22 0.52 

2035 0.16 0.32 0.84 

2045 0.19 0.44 1.24 

2055 0.23 0.58 1.7 

2065 0.27 0.74 2.24 

2075 0.3 0.92 2.86 

8-2.1.10 Water quality conditions 

No water quality information has been reviewed for this site. The anticipated water quality effects are as 
follows: 

• Construction-related turbidity and suspension of sediments may occur due to fill removal, 
construction of new embankments, installation of water control structures, filling of ditches, and 
excavation of new channels. 

• Temporary increases in sedimentation may occur in Lummi Bay because of the release of 
sediment currently impounded upstream and because of the evolution of the distributary channel 
system. The work at this site proposes to increase sedimentation in the Nooksack Delta 
downstream of the junction with the Lummi River, which may also affect water quality. These 
effects, together with other sedimentation issues, should be evaluated during PED. 

• It is likely that the removal of flow obstructions and modifications of tide gates will increase 
salinity in the Lummi River Estuary and in portions of Smuggler’s Slough due to the increased 
tidal prism. If needed, water quality sampling and analysis of water quality effects can take place 
during PED. 
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• The quality of water from the Nooksack River watershed presents a significant design 
consideration. Fecal coliform bacteria loading from the Nooksack River adversely impacted 
Portage Bay to the point that shellfish harvesting was halted over the 1996 to 2006 period. Recent 
trends in fecal coliform densities may argue against sending additional water into the Lummi 
River and Lummi Bay, due to the resultant potential closure of Lummi Bay shellfish beds to 
ceremonial, subsistence, and commercial harvest. 

8-2.1.11 Groundwater conditions 

No groundwater information has been reviewed for this site. The restoration proposes to alter both flood-
related and non-flood-related hydraulic grade lines of flows in both the Lummi and Nooksack Rivers, 
which may have consequences for groundwater. The extent of freshwater seepage into the estuary and the 
character of aquifers in the area have not been assessed. Many of the properties in the estuary area are 
most likely on septic systems. A review of the potential effects on water wells, septic systems, and 
groundwater seepage will be carried out during PED. 

The planned work at this site will allow an increased tidal prism upstream of current limits, which can be 
accompanied by saltwater intrusion into the hyporheic zone. Since the goal is to restore the historic 
function of the estuary, restoration of historic salinity patterns is presumed to be a desirable outcome. 

8-2.1.12 Preliminary project regulation plan 

The primary water control structure at this site is the engineered diversion structure at the junction of the 
Lummi and Nooksack Rivers.  

According to USACE design drawings from 1950, a diversion structure installed at that time consisted of a 
V-shaped weir/orifice installed within the levee between the Nooksack River and the Lummi River. The 
weir/orifice was accessed by an open channel leading from the Nooksack River and included baffle blocks 
for energy dissipation on the downstream (Lummi River) side. Due to excessive sedimentation in the 
inflow channel, it appears that, some time later, this diversion was retrofitted with an 80 foot long culvert 
pipe leading from the Nooksack River to the Lummi River.  The current pipe inlet is perched above the 
Nooksack River water surface until flows reach about 9600 cfs.  In addition, the pipe had been damaged 
and is partially collapsed, severely limiting the amount of water that can pass at flows above 9600 cfs.  
The flow requirements for the Lummi River for salmonid use are about 200 cfs, with the possibility for 
somewhat lower flows during the fall months (USACE, 2000). 

No details have been developed for the new flow diversion structure. Since one of the requirements for the 
engineered diversion structure is that it will limit flood flows into the Lummi River, this will be either an 
underflow structure, a structure with a controlled crest height or possibly a controllable culvert. The 
structure design, as well as a regulation plan, if necessary, will be addressed during PED. The remaining 
water control structures at this site are passive (levee setbacks, culverts). 

8-2.1.13 Preliminary Real Estate taking line elevations 

The current real estate limits are delineated by the construction area, staging areas, and access roads and 
do not include the entire potential area of hydraulic effects. Real estate assumptions, valuations, and 
planning documents have been appropriately scaled for the current level of design. 

In the case of the removal or modification of flow controls such as levees, roads, bridge openings, and 
culverts, the restoration will likely cause a reduction in backwater effects during high river flows, thus 
altering current flood patterns. These changes will also allow the tidal prism to travel further upstream, 
increasing tidal effects. In order to forecast the hydraulic effects of the site and to refine the real estate 
taking line elevations, a 2-D hydraulic model will have to be implemented which reflects the proposed 
geometry of the completed work. In certain locations, such as at the flow diversion, a 3-D model or 
physical model may be required. This will be addressed during PED. 

As additional surveys, modeling, and design are completed during the PED phase, the real estate 
documentation will be modified accordingly. For the current real estate status, refer to the Feasibility 
Study, Appendix F, Real Estate Plan. 
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8-2.1.14 Criteria for facility/utility relocations 

The hydraulic impacts from relocation of utilities have not been evaluated for this site. Bridge 
replacements, road abandonment and relocation, and channel alterations will likely all require the 
relocation of utilities. In addition, the construction of the engineered diversion structure at the junction of 
the Nooksack and Lummi Rivers may also require the routing of utilities to the new facility. Criteria for 
these activities will be evaluated during PED. 

8-2.1.15 Criteria for identification of flowage easements required for project function 

As discussed in Section 8-2.1.13, the planned work at the Nooksack and Lummi River Estuary will alter 
both the flooding pattern from river flows and the tidal elevations in the estuary. Although these effects 
are not anticipated to affect the site function, there may be some net changes in flowage easements. In 
addition, the planned levee setbacks and the removal and setback of the North Red River Road may also 
require changes in flowage easements. In order to identify the flowage easements, a 2-D hydraulic model 
will have to be implemented which reflects the proposed geometry of the new causeway replacement. In 
certain locations, a 3-D model or physical model may be required. This will be addressed during PED. 

8-2.1.16 Criteria in support of project OMRR&R requirements 

Monitoring needs associated with the hydraulic function of the site include the following: 

• Water control structures such as the engineered diversion structure at the junction of the Lummi 
and Nooksack Rivers require monitoring and maintenance to ensure that they are operating as 
designed. Operation of the engineered diversion structure is discussed in Section 8-2.1.12 and will 
be addressed during PED.  

• Roadway embankments and slope protection on levee setbacks should be monitored for signs of 
instability or scour at an interval to be determined during PED. 

• Bridge abutments and piers will require periodic inspection to ensure that channel migration is 
not affecting them and that any scour or slope protection is functioning as designed. 

• Project areas in the Nooksack estuary will require periodic monitoring to observe whether 
excessive erosion or sedimentation is occurring that affects either habitat or properties. 

• Salinity and pollutant monitoring in the estuary should be carried out to confirm no significant 
impacts to water quality. 

8-2.1.17 Environmental engineering considerations 

In the context of hydrology and hydraulics, environmental engineering is taken to mean water supply and 
sanitation. 

Water Supply 

Numerous water supply lines are assumed to exist throughout the entire site. Rerouting of water lines will 
need to be coordinated with local landowners and utilities. Location, depth and possible groundwater 
impacts to any wells in the area of potential hydraulic effect will be reviewed during PED. 

Sanitation 

The properties in the site area are assumed to be on septic systems. The extent to which changes in tidal 
prism will affect leach fields and groundwater flow will be addressed during PED. 

8-2.2 Residual Flooding Consequences – With Project Flooding 
This section discusses the predicted hydraulic conditions after construction of the proposed restoration. 
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8-2.2.1 Warning time of impending inundation 

The closest USGS gauge for this part of the watershed is at Ferndale (USGS 12213100), approximately 1.5 
miles upstream from the upstream end of the site at the junction of the Lummi and Nooksack Rivers. 
Aside from regional warnings for possible flooding, no new warning system is planned. 

8-2.2.2 Rate of rise, duration, depth, and velocity of inundation 

In order to forecast the with-project depths and velocity of inundation, a 2-D hydraulic model will have to 
be implemented which reflects the proposed geometry of work at the site. This will be addressed during 
PED. In certain locations, a 3-D model will likely be required. Since the area is quite large, flood routing 
may be a factor in the rate of rise and flow duration at various locations in the site. Therefore, an unsteady 
flow analysis or flood flow routing may be required. 

8-2.2.3 Historic, 1% and 0.2% exceedance (100-year and 500-year) flood extents 

In the past, the Lummi and Nooksack Rivers have occupied channels spanning the entire estuary, 
transporting sediment and creating the current floodplain. In order to forecast the with-project 100-year 
and 500-year flood inundation boundaries, a 2-D hydraulic model will have to be implemented which 
reflects the proposed geometry of work at the site. This will be addressed during PED. See Section 8-2.1.7 
for the current 1% (100-year) predicted flood extents. 

8-2.2.4 Access and egress problems created by flooding 

The restoration will raise the height of many of the roadways and bridges in the area as well as the height 
of setback levees. This will reduce the possibility of access issues during floods. Some bridge approaches 
will be designed to allow for overtopping, so access may be reduced during high water events. 

8-2.2.5 Potential for loss of life as a result of 8-2.2.1 through 8-2.2.3 

The potential for loss of life as a result of the proposed restoration is low and does not represent a 
substantial change from the current conditions. 

8-2.2.6 Identification of any potential loss of public services 

The potential for loss of public services as a result of the proposed restoration is low. Since the restoration 
will raise bridge elevations and roadways, this will reduce the possibility of access issues and utility 
disruption during floods. Some reduced access to areas of the Lummi River Estuary may occur. 

8-2.2.7 Potential physical damages 

Potential physical damages that can occur during flooding will be addressed by the hydraulic analyses 
conducted during PED. This will include impacts due to flooding for property owners in the site vicinity. It 
will also include an evaluation of the need for scour protection on bridge abutments and piers as well as 
roadway embankments and levees and it will address the issues of channel stability and sediment outflow 
from the estuary. Potential physical damages to the water control structures that are planned for the site 
will be assessed as well. 

8-2.3 Project Induced Flooding – Change from Pre-Project Conditions 
This section describes the effects of the proposed restoration on flood elevations, flood patterns, and flood 
frequency. Induced flooding was considered in the project formulation resulting in the plan for a dike and 
setback levee system to maintain the same level of flood protection as for pre-project conditions. 
Approximately 3,900 acres of land – including 2,800 acres on Lummi Nation lands – will be at risk of 
inundation if the levee is removed at the Nooksack River Delta site. For discussion of the preliminary real 
estate valuation and the estimated construction costs for the dike and setback levee system, please refer to 
Section 6.4.1 of the Draft Feasibility Report/Environmental Impact Statement. 
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8-2.3.1 Information categories required by 8-2.2 

Flooding in the Lummi and Nooksack River Delta is controlled by riverine flows in the upper areas and by 
tides and storm surge in the lower estuary. The proposed work at this site will change the pattern of 
flooding in the site vicinity and may also change the frequency of flooding in some areas for some high 
occurrence (low return interval) flood events. Work at the site is not anticipated to appreciably change the 
100-year flood limits. In order to forecast the new flood inundation boundaries, a 2-D hydraulic model 
will have to be implemented which reflects the proposed geometry of the estuary. In certain locations, a 3-
D model may be required. This will be addressed during PED. 

8-2.3.2 Anticipated frequency of induced flooding 

Due to the planned changes in hydraulic grade lines, the proposed work at this site may change the 
frequency of flooding in some areas for some high occurrence (low return interval) flood events. The 
restoration is not anticipated to affect the 100-year or 500-year return interval flooding. In order to 
forecast the changes in flood frequency for different locations, a 2-D hydraulic model will have to be 
implemented which reflects the proposed geometry of the estuary. In certain locations, a 3-D model may 
be required. This will be addressed during PED. 

8-2.4 Inundation Risk 0.2% Exceedance (500-year Return Interval) Flood 
The proposed work at the site is not anticipated to appreciably change the 500-year flood limits. In order 
to forecast the 500-year flood inundation boundaries, a 2-D hydraulic model will have to be implemented 
which reflects the proposed geometry of the estuary. In certain locations, a 3-D model may be required. 
The principal risk for the 500-year flood in the lower areas of the estuary is due to sea level change (refer 
to Section 8-2.1.9). 

8-2.5 Hydraulic Studies  
This section discusses the hydraulic studies, construction considerations, and instrumentation and 
monitoring needs for the site. The anticipated hydraulic studies at this site are summarized in Section 8-
21. 

8-2.5.1 Hydraulic roughness determinations 

The FEMA Flood Insurance Study lists typical Manning hydraulic roughness values for Whatcom County 
hydraulic analyses as 0.040 for natural channels, 0.070 for overbanks with dense brush, and 0.100 for 
overbank areas with trees. Roughness values will be reviewed during PED using engineering judgment, 
aerial photographs of the site area and, if necessary, fieldwork. 

8-2.5.2 Water surface profiles 

Current water surface profiles as reported in the FEMA Flood Insurance Study will need to be revised to 
reflect the proposed changes in the floodplain. In order to forecast the new water surface profiles, a 2-D 
hydraulic model will have to be implemented which reflects the proposed geometry of the estuary and the 
planned design and operations of the engineered diversion structure. The effects of storm surge and wind 
waves will need to be incorporated into the analysis of water surface levels. In certain locations, a 3-D 
model may be required. The predicted water surface profiles depend on the completion of design and 
operation plans for the flow control structure at the junction of the Lummi and Nooksack Rivers, which 
may require both numerical and physical modeling. This will be addressed during PED. 

8-2.5.3 Stage-discharge relationships 

In order to forecast the new stage-discharge relationships at flow control structures and bridges, a 2-D 
hydraulic model will have to be implemented which reflects the proposed geometry of the estuary and the 
planned design and operations of the engineered diversion structure. In certain locations, a 3-D model 
may be required. The flow control structure at the junction of the Lummi and Nooksack Rivers may 
require both numerical and physical modeling. This will be addressed during PED. 
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8-2.5.4 Head loss 

The predicted head losses depend on the completion of design and operation plans for the flow control 
structure at the junction of the Lummi and Nooksack Rivers. Design of this structure may require both 
numerical and physical modeling. This will be addressed during PED. 

8-2.5.5 Flow and velocity 

Flow and velocity information from the hydraulic analyses will be used to assess the possibility for 
sediment transport, scour, and bank erosion in the site area. 

8-2.5.6 Structural sizing needed to meet design capacity including slope protection 

Sizing of the flow control structure at the junction of the Lummi and Nooksack Rivers may require both 
numerical and physical modeling. The hydraulic analysis conducted during PED will include the need for 
slope protection on levees, roadway embankments, and bridge abutments and will address the issue of 
scour at bridge pilings. Additionally, the need for scour protection from effects of waves and storm surge 
levee will also be evaluated. Several large woody debris installations are currently included in the plans for 
this site. These will need to be designed for size, composition, and stability as part of PED. 

8-2.5.7 Water control facilities 

The water control facilities planned at this site include levees, culverts, large wood jams, and an 
engineered diversion structure. Specific designs are not yet formulated for these structures. Design of all 
these features will be addressed during PED. 

8-2.5.8 Energy dissipating facilities 

Depending on the design of the diversion structure, an energy dissipation facility or stilling basin may be 
needed as part of conveying flow from the Nooksack River to the Lummi River. The need for such a 
structure, its design, and its potential effects on hydraulics and sedimentation will be evaluated during 
PED. 

8-2.5.9 Erosion control requirements 

Construction 

The planned earthwork for this site does not specify dredging or water-based equipment. Since existing 
bridge supports, slope protection, roadway, bank fill material, culverts, and in-channel sediments will be 
removed, appropriate in-water sediment control measures will need to be used during construction. Any 
in-water or overwater construction should follow accepted best management practices for both erosion 
and contaminant control. 

With Project 

The hydraulic analysis conducted during PED will include the need for erosion control or scour protection 
on levees, roadway embankments, bridge foundations, and water control structures. No erosion control is 
anticipated outside of the construction boundaries since the goal is to reestablish natural erosion and 
sedimentation processes. New and existing slope protection should be monitored for signs of erosion at an 
interval to be determined during PED. 

8-2.5.10 Existing and post-project sedimentation 

The planned levee setbacks and the removal of flow obstructions in both parts of the Nooksack and 
Lummi Estuary will allow the mobilization of sediments that have been impounded upstream and at the 
channel margins. Shoreline properties and habitat in and downdrift of the Lummi River Estuary will likely 
experience some temporary increases in sedimentation as these sediments are transported offshore. Areas 
in the lower part of the Nooksack River Delta may also experience changes in sedimentation patterns as a 
result of the planned changes in flow. The amount and potential areas of sedimentation will be evaluated 
during PED. Monitoring of sedimentation after construction is addressed in Section 8-2.5.14. 
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8-2.5.11 Water control and order of work during construction 

Most channel excavation, embankment removal, and fill removal will be accomplished with land-based 
heavy construction equipment. Temporary trestle structures and/or local filling may be required along 
portions of the proposed bridge alignments to provide access for heavy equipment during construction. 
Large-diameter casing shoring may be required to keep out water and allow access to the top of the drilled 
bridge pier shafts. A crane will be required to set the girders in place. The temporary trestle or earth fill 
can then be removed. 

Material from the excavated portions of roadway and levees can likely be used for the fill required in the 
new roadway approaches and setback levees. However, much of the earthwork will be excavation of 
lowland areas, requiring substantial bucket dredging to form channels. Substantial offhaul and offsite 
disposal may be required unless beneficial reuse onsite is identified.  

If vibratory extraction methods are used to remove existing pilings, measures should be taken to minimize 
the loosening of soil and suspension of sediments into the surrounding waterway. In a sensitive estuarine 
environment, careful excavation and removal of existing structures may be required. 

8-2.5.12 Criteria for facility/utility relocations 

See Section 8-2.1.14. 

8-2.5.13 Other facilities to meet project goals 

No other facilities are currently planned in order to meet restoration goals. (Not applicable.) 

8-2.5.14 Instrumentation and monitoring 

A combination of field surveys and aerial photographs will be used to document biological and physical 
changes to the landscape. Monitoring data can be used to refine adaptive management and corrective 
measures, as needed. Some of the key monitoring needs and opportunities are summarized in the table in 
the Feasibility Study. 

8-2.6 Coastal Studies 
It is assumed that the Nooksack Delta in Lummi Bay is only subjected to wind waves caused by local 
winds. Measurements at the nearby Bellingham airport (Figure 8-2-4) show that the maximum wind 
speeds come from the southerly direction and rarely exceed 30 miles per hour. The fetch length in the 
southwesterly direction is approximately 8 miles, which could result in wave heights up to 5.5 feet with a 
period of 7 seconds. The impact of wind waves is generally limited to the outer portion of the estuary; 
however, this area should be designed to withstand this type of wind wave action. Additionally, Lummi 
Bay may be more exposed to the northerly winds off the Fraser River than Bellingham Bay which is 
shielded by the peninsula and Lummi Island. It may be appropriate to develop a wind rose for Lummi Bay 
for the purposes of work at this site. These issues will be addressed during PED. The influence of wind 
wave activity, storm surge and wave setup will be evaluated during PED. 
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Figure 8-2-4. Wind Rose for Bellingham Airport 

Project plans formulated during the conceptual design phase for the Nooksack Delta are based on a Mean 
Higher High Water tidal datum of 8.03 feet (NAVD88). This datum is from the tide gauge at Bellingham 
(NOAA Gauge 9449211). Major tidal datums are summarized in Table 8-2-5. The final design tidal datums 
will be reviewed and established during PED. 

 

Table 8-2-5. Major tidal datums for Nooksack River Delta, Bellingham (Station 9449211),  

Datum Description  
Water Level   

(ft, 
NAVD88) 

Mean Higher-High Water (MHHW) 8.03 
Mean High Water (MHW) 7.31 

Mean Tide level (MTL) 4.59 
Mean Sea Level (MSL) 4.47 

National Geodetic Vertical Datum of 1929 (NGVD29) 3.92 
Mean Diurnal Tide Level (DTL) 3.77 

Mean Low Water (MLW) 1.87 
North American Vertical Datum of 1988 (NAVD88) 0 

Mean Lower Low Water (MLLW) -0.48 

A summary table for the anticipated hydraulic studies at this site is presented in Section 8-21. 

8-2.6.1 Design of coastal shore protection projects (ER 1110-2-1407) 

In general, this site does not include coastal shore protection.  
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8-2.6.2 Effects on adjacent shores 

Downstream of the site, the shoreline transitions from a river delta to a bluffed-backed beach. The 
primary risk is an increase in sediment loading which could affect downstream intertidal and subtidal 
habitats in the river delta portion. At the bluff-backed beach, the primary forcing processes are coastal 
wind waves and longshore sediment transport which are expected to be minimally if at all affected by the 
restoration. The effects on downstream and intertidal habitat should be evaluated during PED, using 
results from similar inlets in Puget Sound. 

8-2.7 Navigation Projects 
This site does not affect navigation. (Not applicable.) 

8-3 SURVEYING, MAPPING, AND OTHER GEOSPATIAL DATA 
REQUIREMENTS  

This section describes surveying, mapping, and other geospatial data information to support preparation 
of the Feasibility Study and the Real Estate Plan (Appendix F of Feasibility Study). A brief outline of 
additional surveying and mapping required for subsequent design, plans and specifications, construction, 
and operations is also included. 

8-3.1 Surveying, Mapping, and Other Geospatial Data Information Used 
Geospatial data for the Nooksack River site were obtained primarily from remote sensing applications. No 
site-specific topographic, bathymetric, property, or utility surveys were conducted during the conceptual 
design phase. LiDAR, aerial imagery, and other geospatial data were used to delineate topographic 
features, determine surface elevations, and to estimate areas, volumes, lengths, and other dimensions of 
key features using CAD and/or ArcGIS. High-resolution LiDAR was obtained from the Puget Sound 
LiDAR Consortium (2005 LiDAR; 3m grid; State Plane projection in NAD83 [horizontal datum] and 
NAVD88 [vertical datum]; available at 
http://pugetsoundlidar.ess.washington.edu/lidardata/index.html). The Puget Sound Digital Elevation 
Model was used for combined bathymetry and topography of the Puget Sound lowland (Finlayson D.P., 
2005; University of Washington; State Plane projection in NAD83 [horizontal datum] and NAVD88 
[vertical datum]; available at http://www.ocean.washington.edu/data/pugetsound). Recent aerial 
photography (Whatcom County Planning and Development Services, 2004) was evaluated to determine 
recent site conditions. The conversion from Mean Lower Low Water to North American Vertical Datum 
(NAVD88) was derived from the Bellingham tide gauge (NOS 9449211).  

Information on land ownership was derived from the Washington Public Lands Database. Additional 
parcel data, including parcel boundaries, was obtained from the Whatcom County assessors’ office (2010). 
Information on utilities, existing roadway geometry, and other site features was generally scaled off of 
aerial photographs when as-built drawings were not available. A site reconnaissance was performed in 
October 2010.  

Designers consulted the Nearshore Geodatabase for additional site context. The Nearshore Geodatabase is 
available from the Washington State Geospatial Data Archive at: 
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP. Metadata are provided in the 
Geospatial Methodology Used in the PSNERP Comprehensive Change Analysis of Puget Sound (Anchor 
QEA et al., 2009) (see Annex B). The geodatabase includes numerous datasets listed below: 

• Shoreline • Overwater structures 

• Bathymetry • Marinas 

• Digital Elevation Model (DEM) • Armoring 

• LiDAR (terrestrial) • Breakwaters/jetties 

http://pugetsoundlidar.ess.washington.edu/lidardata/index.html
http://www.ocean.washington.edu/data/pugetsound
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP
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• Oblique aerial imagery (from the Washington 
Coastal Atlas) 

• Groins 

• Hydrographic sheets  • Dikes 

• Geology • Dams 

• Slope stability • Nearshore fill 

• Drift cells (net shore-drift) • Roads 

• Streams • Railroads 

• Impervious surfaces • Land cover 

Designers also consulted the University of Washington Puget Sound River History Project 19th Century 
Coast Survey Topographic Sheets (2009) for information on historical geomorphologic conditions. 
Conceptual designs were intended to replicate historical conditions and remove stressors to nearshore 
processes to the extent practicable and feasible; as a result these datasets informed the selection of 
restoration strategies and features. Designers created additional GIS data layers (point files, line files, and 
polygon files) to represent civil design features such as areas of lowland excavation to be depicted on the 
plan view drawings. Designers also created simple line drawings in CAD to represent typical sections and 
estimate quantity take-offs.  

8-3.1.1 Additional survey and mapping required 

Substantial additional information will be required at the preliminary and later design stages to refine the 
design assumptions, confirm real estate requirements, and develop plans and specifications. Additional 
survey, mapping, and other geospatial data needs include the following: 

• Property/Utility Survey – More detailed information on property boundaries and utilities will be 
needed to finalize the design and support real estate negotiations. The survey would also be useful 
in providing more accurate preliminary designs and quantities for roadways, utilities, bridges, 
and removal of existing features. 

• Topographic/Bathymetric Survey – The conceptual design was based on LiDAR and aerial 
photos, which have inherent inaccuracies. Site-specific topographic and bathymetric survey data 
will be needed to refine design of key project elements and develop detailed construction and 
demolition plans. Survey data could also be used as a baseline for pre- and post-construction 
modeling, including hydrodynamic modeling. A temporary tide gauge may be required in the 
early design stages to obtain site-specific tidal statistics.  

8-3.1.2 Procedure for incorporation of new mapping or other geospatial data 

Planning, design, and implementation are expected to take several years. The site-specific surveys 
identified above are standard components of the design process and should be completed in the early 
stages of PED to ensure that the design work proceeds efficiently. Incorporating these data into the design 
process is not expected to delay the restoration. 

8-4 GEOTECHNICAL  
This section describes the geologic setting of the site, previous and recommended studies, and proposed 
geotechnical explorations relevant to design features. 
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8-4.1 Geotechnical Information Used  

8-4.1.1 Regional and site geology 

Regional geologic mapping indicates the Nooksack River delta is composed of alluvium deposits 
(Dragovich et al., 2002). Alluvium deposits (Qa) consist of sorted combinations of silt, sand, and gravel 
deposited in deltas and alluvial fans. The geologic map is shown in Figure 8-4-1. 

 
Figure 8-4-1. Geologic Map of Nooksack Delta 

The Soil Survey of Whatcom County Area, Washington maps six soil types in the site vicinity: Eliza silt 
loam, Eliza-Tacoma silt loam, Hovde silt loam, Mt. Vernon fine sandy loam, Tacoma silt loam, and 
Whatcom-Labounty silt loam (Goldin, 1992).  

According to the Washington State Department of Ecology (Ecology) website, approximately 15 borings 
were conducted in the Nooksack River delta in October 2011 and April 2012. The wells and borings are 
located at the Silver Reef Hotel at 4876 Haxton Way and were drilled between depths of 23 feet and 101.5 
feet. The driller’s log indicates subsurface conditions typically consist of sandy silt and silty sand from the 
ground surface to the bottom of the hole.  

Design drawings from 1967 for the Marine Drive bridge over the Nooksack River include five borings 
along the alignment of the bridge. Borings varied in depth from 54 feet to 146 feet. The typical profile 
consists of loose to medium dense silty sand in the top 10 feet, loose to medium dense sand with shells 
from 10 to 30 feet, medium stiff silty clay with sand from 30 to 55 feet, medium stiff to stiff sandy silty 
clay with gravel from 55 to 120 feet, stiff clay from 120 to 135 feet, and dense sand from 135 to 146 feet 
(bottom of hole). 

In addition, design drawings from 1977 for the Marietta Slough bridge, located 1,500 feet east of the 
Nooksack River bridge; include two borings varying in depth from 69 feet to 75 feet. The typical profile 
consists of dense sand and gravel fill in the top 10 feet, loose to medium dense silty sand from 10 to 20 
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feet, loose sandy silt with shells from 20 to 30 feet, soft to medium stiff silty sandy clay from 30 to 60 feet, 
and dense sandy silt from 60 to 75 feet (bottom of hole). 

8-4.1.2 Completed explorations 

No subsurface explorations have been completed for this site. All subsurface information is based on soil 
surveys, geologic mapping, and logs from Ecology. See Section 8-4.3 for the proposed subsurface 
exploration plan. 

8-4.1.3 Selection of preliminary design parameters 

Based upon research of the soils and geology in the project vicinity, subsurface soils are likely to consist 
mostly of silt, sand, and clay. Preliminary design parameters have been selected for the types of soils that 
are likely to be observed at the proposed bridge foundation locations. Table 8-4-1 provides a range of 
preliminary design values for the anticipated soils in the foundation.   

Table 8-4-1. Preliminary design parameters 

Soil Description Depth 
Range (feet) 

Unit Weight, γ 
(pcf) 

Friction angle, 
ϕ’ 

Loose to medium dense, silty sand 0 – 30 115-120 28˚-30˚ 
Medium dense, silty clay w/ sand and 
gravel 

30- 60 105-115 26˚-30˚ 

Medium dense to dense, sand w/ silt 60 – 100 120-125 30˚-34˚ 
Groundwater table was assumed at the ground surface. 

8-4.1.4 Geophysical investigations 

No geophysical investigations have been conducted or are recommended. (Not applicable.) 

8-4.1.5 Groundwater studies 

No groundwater studies have been conducted for geotechnical design. Groundwater elevation is 
dependent on flows from the Red (Lummi) River, Nooksack River, and the water surface elevation of 
Puget Sound. The site spans over many square miles and the groundwater table may be variable. For 
geotechnical design purposes, the groundwater will be assumed at the ground surface when considering 
the bridge foundations.  

8-4.1.6 Recommended instrumentation 

No instrumentation is recommended for this site. (Not applicable.) 

8-4.1.7 Earthquake studies  

In accordance with Table 20.3-1 of the 2010 American Society of Civil Engineers (ASCE) 7, a Site Class D 
is recommended for this site when considering the average of the upper 100 feet. According to the 2008 
United States Geological Survey (USGS) Earthquake Hazards website 
https://geohazards.usgs.gov/deaggint/2008/, the Peak Ground Acceleration (PGA) predicted for the site 
is 0.410 g, and the maximum considered earthquake (MCE) ground motions for the site are Ss=0.934 g 
and S1=0.385 g. In accordance with Tables 11.4-1 and 11.4-2 from ASCE 7, Site Coefficients Fa and Fv are 
1.1 and 1.6, respectively for a Site Class D. Therefore the adjusted MCE ground motions are SMS=1.028 g 
and SM1=0.617 g. The return interval for these ground motions is 5 percent probability of exceedance in 
50 years (975 years). See figure 8-4-2 below for earthquake deaggregation output. 

Seismic design for deep foundations and bridge abutments will be performed in accordance with 
Washington State Department of Transportation (WSDOT) requirements and the American Association 
of State Highway and Transportation Officials (AASHTO) Load and Resistance Factor Design (LRFD) 
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Seismic Design Specifications. (AASTHO specifies 7% in 75 years, which is comparable to USGS 5% in 50 
years.) 

 
Figure 8-4-2. Deaggregation plot for Nooksack Delta 

Earthquake loadings are not normally considered in analyzing the stability of levees because of the low 
risk associated with an earthquake coinciding with periods of high water. Depending on the severity of the 
expected earthquake and the importance of the levee and duration of flood event, seismic analyses to 
determine liquefaction susceptibility and stability may be required. However, this is not anticipated for 
this site. 

8-4.1.8 Preliminary engineering analysis 

Several bridges will be replaced to meet design goals. All bridges will be supported by deep foundations. 
Preliminary foundation estimates were included in the conceptual design for cost estimating purposes. 
The foundation design assumed two, 7-foot-diameter drilled shafts at each pier with a 100-foot 
embedment depth. The information for the majority of the existing bridge foundations is currently 
unavailable. 

Drilled shafts or driven piles are acceptable foundation alternatives for the proposed bridges. Shallow 
foundations are not an option at this time due to potential seismic loading, scour, liquefiable soils, and 
soft soils. 

A preliminary estimate of foundation capacity using the lower range of the parameters in Table 8-4-1 was 
used as a check on the foundation design from the conceptual design. See Tables 8-4-2 and 8-4-3 for 
results of the estimate. 
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Table 8-4-2. Preliminary Foundation Axial Capacity Estimate for Ferndale, Slater, and 
Imhoff Roads at Lummi River 

Feature Description 

Bridge 
 
 
 
 

Total length (feet) 250 
# of spans x Approx. span length (feet) 2 x 125 
Approximate width (feet) 44 
Dead load x 1.25 [LRFD strength I] (kips) / pier1 1,800 
Live load  x 1.75 [LRFD strength I] (kips) / pier2 400 

Foundation Type Drilled Shaft 
Diameter (inch) 84 
# shafts / pier 2 
Depth (feet) 100 

Load Estimated static loading demand (kips) 1,100 
Capacity Estimated pile capacity (kips) 1,900 

Sufficient capacity OK 
1 Dead load estimate is based on conceptual design bridge dimensions. 
2 Live load estimate is based on HS-20 Truck + 0.64k/ft lane. 
 

Table 8-4-3. Preliminary Foundation Axial Capacity Estimate  
for Haxton Way and Hillaire Road at Lummi River 

Feature Description 

Bridge 
 
 
 
 

Total length (feet) 450 
# of spans x Approx. span length (feet) 3 x 150 
Approximate width (feet) 44 
Dead load x 1.25 [LRFD strength I] (kips) / pier1 2,100 
Live load  x 1.75 [LRFD strength I] (kips) / pier2 500 

Foundation Type Drilled Shaft 
Diameter (inch) 84 
# shafts / pier 2 
Depth (feet) 100 

Load Estimated static loading demand (kips) 1,300 
Capacity Estimated pile capacity (kips) 1,900 

Sufficient capacity OK 
1 Dead load estimate is based on conceptual design bridge dimensions. 
2 Live load estimate is based on HS-20 Truck + 0.64k/ft lane. 
 

The foundation capacity estimate is preliminary and based on assumed subsurface information. Upon 
completion of subsurface explorations at the site, the foundations should be designed using encountered 
subsurface conditions. Foundation design will include drilled shafts and driven piles as a comparison if 
deemed as a valid alternative. The foundation soils are likely to be loose and potentially liquefiable, which 
may increase the depth of the drilled shafts or driven piles for the bridges to a denser underlying layer. 
Seismic loading, liquefaction potential, and scour are not included in the preliminary capacity estimate. 

Slope stability of different project features has not been evaluated. Slope stability analyses at either end of 
the approach embankments may be performed upon completion of the design and geometrical 
configuration of the bridges. Ground improvements, such as stone columns, may be required at the bridge 
abutments/roadway approaches if liquefiable soils are encountered. Stability and settlement of the new 
roadway embankments will need to be evaluated during later stages of design. 
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The proposed levee should be designed in accordance with the USACE Engineering Manual 1110-2-1913 
Design and Construction of Levees. For levees constructed on soft subsurface conditions, stability and 
long-term settlement analyses are typically performed.  

8-4.1.9 Excavatability analysis  

According to the conceptual design, significant excavation will be required. Several thousand linear feet of 
levee and rock armor will be removed, a portion of the Lummi River will be excavated to increase 
capacity, and several roadway embankments will be removed for construction of new bridges and raised 
roads. No explorations or construction records were located, and therefore the levee and embankment 
material is unknown. Based on soils and geology maps, it may be assumed that the levee and embankment 
fill consists of compact sandy silt and structural fill. Excavation of riprap and fill may be accomplished 
using an excavator. Bedrock and boulders are not anticipated; therefore, rock excavation and blasting are 
unlikely. 

8-4.1.10 Anticipated construction techniques and limitations 

The type of deep foundation to be used will be confirmed during PED once subsurface explorations have 
been completed. At this time it is assumed drilled shafts will be used to support the proposed vehicle 
bridges. Due to the presence of soft and caving soils and anticipated high groundwater, either casing or 
wet method is recommended for construction of drilled shafts. Upon completion of the shaft excavation, 
the hole is cleaned and the reinforcing steel cage is placed to the bottom of the hole. The casing is then 
carefully extracted, fully or partially, leaving a top segment to facilitate column installation and concrete is 
cast. Once the shafts are installed, the columns are cast, and the pilecaps and bridge superstructure are 
constructed.  

Most of the earthwork will be accomplished with standard excavation equipment. Construction of 
roadways and setback levees may be accomplished year-round using dozers and excavators due to the 
existing dikes and drainage ditches. Excavation of the dike breaches and removal should be scheduled to 
coincide with periods of low water. 

Settlement may be observed along portions of the new levee, access levees, and roadway embankments. 
Depending on geotechnical evaluation, construction of the embankments may need a sure-charge, the 
work may be staged, or ground improvements may be advised to reduce post-construction settlement. 
Construction practices and methods outlined in the USACE Engineering Manual 1110-2-1913 Design and 
Construction of Levees are recommended for levee construction.  

Construction activities and proposed restoration features will impact the existing utilities that run across 
the site. Evaluating the impact and protecting the utilities will be coordinated with service providers 
during later stages of design. See Section 8-6.3 for utility relocation information. 

See Section 8-6.1.2 for additional construction notes. 

8-4.1.11 Potential borrow sources and disposal sites 

No borrow sources have been identified within the site. Substantial volumes of both borrow and disposal 
will be required. Due to the large footprint of the proposed restoration, it is likely that borrow and 
disposal sites can be found within the site boundaries. Suitability of borrow materials for use in setback 
levees and elevated roads will be evaluated during later stages of design. Some land subsidence has likely 
occurred in the diked agricultural lands. Excavated materials may be disposed in subsided areas or in 
existing borrow ditches. Additional borrow and disposal investigations should be conducted during later 
stages of design. 

8-4.1.12 Potential sources of concrete and materials 

Preliminary investigations indicate that there are four concrete ready-mix batch plants located within 20 
miles of the site and nine gravel suppliers within 30 miles.  
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8-4.1.13 Suitability of concrete and materials 

Suitability of concrete and materials will be evaluated at later stages of design or during construction. 

8-4.2 Additional Studies and Analysis 
Additional studies and analysis to be completed during PED or subsequent phases of design include the 
following at a minimum: 

• Geotechnical Investigation: subsurface explorations, testing, and field reconnaissance 

• Foundation Design: static and seismic analysis according to AASHTO LRFD for vehicle bridges  

• Abutment Stability: include potential for liquefaction and ground improvement 

• Pavement Design: new roadways and approaches (include traffic analysis for Equivalent Single 
Axle Load (ESALs)) 

• Scour Study: at roadway embankments, abutments, and bridge piers 

• Settlement Analysis: for roadway and railway embankments 

• Levee Design: stability, settlement, seepage analysis 

8-4.3 Additional Explorations and Testing 
The proposed subsurface exploration plan consists of drilling borings along the alignment of the proposed 
roadway and railway bridges. In addition test pits, cone penetrometer testing (CPT), and borings should 
be conducted along the roadway and railway embankments. Borings along the bridge alignments should 
occur at the abutments and at least one every pier, approximately every 110 to 150 feet (closer for the 
railway bridge). For the embankments, borings will be spaced approximately every 250 to 500 feet, with 
additional CPTs between the borings to provide additional parameters and an adequate soil profile along 
the proposed embankments. Test pits could be performed if needed for at-grade construction and 
pavement design. 

Explorations for the proposed levees should be conducted in accordance with USACE Engineering Manual 
1110-2-1913. This will include a combination of test pits and borings along the levee alignment. Depth of 
borings and test pits for the levee should be a minimum of 10 feet and spaced approximately every 200 
feet. Test pits will be accomplished with a backhoe or small excavator, and the recommended boring 
method is mud rotary.  

Based on research of the site and preliminary foundation design, the bridge borings should be a minimum 
of 150 feet below the ground surface, embankment borings and CPTs a minimum of 50 feet, and test pits a 
minimum of 10 feet. The preferred exploration method for the borings is mud rotary. Test pits will be 
accomplished with a backhoe or small excavator. 

The subsurface exploration plan should be reevaluated and coordinated with hazardous and toxic material 
investigations during PED to include chemical sampling and testing; see Section 8-9.  

Sampling in the soil borings should be accomplished using standard penetration test (SPT) with samples 
taken typically every 2.5 feet for the top 25 feet and every 5 feet for the rest of the boring depth. Proposed 
soil lab testing will include moisture content, grain size analysis, and percent finer than #200 sieve. 
Atterberg limits and consolidation tests are recommended for cohesive soils, and unconfined compressive 
strength test for rock cores. 

8-4.4 Laboratory-Testing Program and Evaluations 
No laboratory testing or evaluation of materials has been completed. 
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8-5 ENVIRONMENTAL ENGINEERING  
This section describes environmental engineering factors relevant to the proposed design features. 

8-5.1 Use of Environmentally Renewable Materials 
At the conceptual design stage, use of environmentally renewable materials is not planned. If renewable 
materials are available they could be incorporated into the design. Specific details will be developed 
during subsequent design stages. 

8-5.2 Design of Positive Environmental Attributes into the Project 
The Nooksack River Delta is one of the six sites selected to address River Delta restoration objectives to 
protect and restore freshwater input and tidal processes where major river floodplains meet marine 
waters. The proposed restoration would remove levees, roads, and other barriers to restore water and 
sediment processes throughout a substantial portion of the historical Nooksack River delta. This 
restoration contains multiple components: deconstruct and reconstruct roadways, build new setback 
levees, breach river banks, remove channel fill, and fill linear ditches. The restoration has been developed 
to retain agricultural area, reduce the efforts and costs of changing transportation infrastructure, and be 
consistent with the existing proposals for the Lummi Nation Wetland and Habitat Mitigation Bank.  

8-5.3 Inclusion of Environmentally Beneficial Operations and Management for 
the Project 

Design and construction will incorporate sustainable and ISO 14000 compliant practices for operations 
and management. The USACE Environmental Operating Principles (EOPs) are designed to provide 
direction on achieving better stewardship of air, water, and land resources while showing the connection 
between managing those resources and protecting environmental health. The EOPs are to ensure that 
USACE actions consider the environment and are sustainable now and in the future.  

8-5.4 Beneficial Uses of Spoil or Other Project Refuse During Construction and 
Operation 

At the conceptual design stage, beneficial use of spoil or other refuse is not planned. If spoils or other 
refuse materials are available for reuse, they could be incorporated into the design. Specific details will be 
developed during subsequent design stages.  

8-5.5 Energy Savings Features of the Design 
At the conceptual design stage, energy savings features have not been incorporated. In accordance with 
the EOPs, energy savings features will be a component of the design to the maximum extent practicable. 

8-5.6 Maintenance of the Ecological Continuity in the Project with the 
Surrounding Area and Within the Region 

The restoration will increase ecological continuity in the site and with the surrounding area. This is one of 
several sites designed to restore the productivity and increase interconnectivity of the Puget Sound 
ecosystem.  

8-5.7 Consideration of Indirect Environmental Costs and Benefits 
Indirect environmental costs and benefits will be evaluated during environmental assessments developed 
for each project at a later date. 
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8-5.8 Integration of Environmental Sensitivity into All Aspects of the Project 
Construction will be conducted to ensure no deleterious impacts to the ecosystem will occur over the long 
term. Best management practices will be incorporated into the contract documents. Most management 
practices will cover erosion and sediment control, stormwater management, spill response and hazardous 
material management, trash and debris management, air emissions from construction vehicles, and noise 
standards. 

8-5.9 The Perusal of the Environmental Review Guide for Operations (ERGO) 
with Respect to Environmental Problems that Have Become Evident at 
Similar Existing Projects and, Through Foresight During this Design 
Stage, Have Been Mitigated/Addressed in the Project Design 

This is not a USACE operating facility. (Not applicable.) 

8-5.10 Incorporation of Environmental Compliance Measures into the 
Project Design 

All applicable laws and regulations will be followed during design and construction in accordance with the 
USACE contract documentation. 

8-6 CIVIL DESIGN 
This section discusses the key elements of the civil design, including the selection of the site, basis of 
design, and constructability. 

8-6.1 Site selection and project development 
Restoration in the Nooksack River Delta represents a large-scale opportunity to restore a substantial 
portion of a large river delta that drains approximately 825 square miles. The proposed Nooksack River 
restoration combines multiple elements intended to restore the natural hydrologic, sediment, and 
ecological processes to a substantial portion of the Nooksack delta. The proposed restoration activities 
include the following:   

• Levee removals, breaches, and setbacks; 

• Channel creation and rehabilitation; 

• Hydraulic modifications; 

• Substantial property acquisition; 

• Alterations to bridges and other transportation elements; 

• Underplanting of conifer trees; and 

• Invasive weed control/management. 

The restoration is intended to build upon past and ongoing local efforts to the extent possible. This 
includes project elements previously designed by others, including: Slater Road Improvements (DEA, 
2007) and Hillaire Road Improvements (nhc and RH2, 2009). The proposed restoration is also intended 
to allow for the implementation of the proposed Lummi Nation Wetland and Habitat Bank (Lummi 
Nation 2008). This mitigation bank is discussed in more detail in Chapter 6 of the Draft Feasibility 
Report/Environmental Impact statement. It is understood that these elements will be performed by the 
Lummi Nation, and they will not be implemented as part of a federally funded restoration project.  
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A restoration alternative that proposed removal of levees, roads, and other barriers and substantial 
property acquisition so that the entire Nooksack delta would be subject to flooding was considered but 
rejected during the cost-benefit analysis. 

The main restoration elements are shown in Table 8-6-1 and described in detail in the following sections. 
Annex 1 contains exhibits that depict the proposed restoration and quantity estimates for design elements. 

Table 8-6-1. Key Design Elements 

Item Description of Item Approx. 
Quantity 

Nooksack River   

Install New Setback 
Levee and Relocate 
Ferndale Road 

Set back right bank levee to Ferndale Road alignment 
between Slater Road and Marine Drive. New levee will 
be 12,633 LF with a typical section of 600 SF. Will 
include new paved road on the crest 

280,750 CY 
 

Remove Portions of 
Existing Levees on 
Both Banks 

Remove approximately 60% of right and left bank dikes 
from the Slater Road to near Marine Drive.  Total length 
of 12,263LF. 

75,450 CY  

   

Install Log Jams in 
Mainstem 
Nooksack 

Install large wood structures within Nooksack mainstem 
to assist geomorphic response of the river in concert 
with setting back the levees (location to be determined)  

3 structures 

Lummi River   

Install New Water 
Control Structure at 
Confluence 

Upstream Lummi River connection to Nooksack River 
to be regulated via an engineered diversion structure 
that will be designed during PED.  This structure is 
intended to facilitate transfer of freshwater and 
sediment to the Lummi River, while preventing avulsion 
of the mainstem to the west.  

1 EA 

Regrade Lummi 
River Channel and 
Berms.  Remove 
North Red River 
Road West of 
Haxton 
 
 

Regrade existing Lummi River channel to install 0.04% 
bed slope and larger channel cross section to better 
match invert to water surface elevation of the Nooksack 
River, increase conveyance capacity, and create surface 
to encourage geomorphic processes.  
 
Regrade would occur over the upper 9,980 LF of the 
channel, with a typical section of 285 SF in the upper 
5,000 LF and 80 SF in the lower 4,890 LF. 

67,300 CY 

 Remove existing berm and road along north side of 
Lummi River west of Haxton Way. Length of berm to be 
removed and associated volumes are: west to 
Hillaire=3843 LF 10,659CY; Hillaire to 
Haxton=5927LF,13,017CY; Haxton to Slater=1981LF, 
7,176CY. 

30,900 CY 

Build New Setback 
Levees  

Install setback levee on south side of the Lummi River 
channel between Haxton and Ferndale. Length is 11,232 
LF with typical section of 175 SF. 

72,800 CY 

 Install setback levee on the north side of the Lummi 
River channel from the valley margin to the Ferndale Rd 
and realign North Red (Lummi) River Road away from 
channel. Length is 23,025 LF with typical sections 

279,500 CY 
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8-6.1.1 Basis of design 

The proposed restoration would increase the area of aquatic and floodplain habitats along both the 
Nooksack and Lummi Rivers, but would retain a level of engineering control that would minimize changes 
to existing land use on much of the delta. The restoration of this site is designed to restore ecosystem 
processes and reestablish natural geomorphic conditions. The civil design is based in part on historical 
conditions as evidenced by 19th Century Coast Survey Topographic Sheets (Figure 8-6-1). In other words, 
post-restoration site conditions are intended to resemble or replicate the historical morphology with 
adjustments for altered surrounding conditions. For the Nooksack/Lummi delta, the restoration would 
not match historical conditions because it would leave the Nooksack (east) side of the delta as the primary 
conduit for water and sediment.  

varying from 135SF/LF to 432SF/LF based on levee 
heights 5 to 8 feet, crown elevations varying from 
approximately Elevation 15 to 20 NAVD 88 

Transportation Improvements 

Modify Slater Road 
at Lummi River 

Remove a portion of the existing roadway. 450 LF 

Raise Slater Road (build new roadway) 200 LF 

Build new bridge (two 125-foot spans) over Lummi 
River 

250 LF 

Modify Slater Road 
at Tennant Creek 

Add span on Tennant Creek to allow 100-year flow to 
pass below the two bridges. 

390 LF 

Install causeway along Slater from eastern upland to 
Ferndale 

5,600 LF 

Modify Haxton Way  Build new bridge (three 150-foot spans) over Lummi 
River 

450 LF 

Install new road approaches 200 LF 

Remove a portion of the existing roadway 1,300 LF 

Re-align North Red 
River Road and 
Haxton Way 

New road on top of setback levees (30-foot width) 9,216 LF 

Modify Hillaire 
Road at Lummi 
River 

Build new bridge (three 150-foot spans) 450 LF 

Remove a portion of the existing roadway 575 LF 

Build new roadway 200 LF 

Modify Imhoff 
Road at Lummi 
River 

Build new bridge (two 125-foot spans) 250 LF 

Remove a portion of the existing roadway 400 LF 

Build new roadway 150 LF 

Modify Ferndale 
Road at Lummi 
River 

Build new bridge (two 125-foot spans). 250 LF 

Remove a portion of the existing roadway 650 LF 

Build new roadway 12,200 LF 
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Figure 8-6-1. Historic Map (T-Sheet) and River History Project Data  

A network of transportation corridors has been developed over the delta, and much of the area supports 
active agricultural operations. The proposed restoration would retain agricultural area, reduce the efforts 
and costs of changing transportation infrastructure, and be consistent with the existing proposals for the 
Lummi Nation Wetland and Habitat Mitigation Bank. Changes to the existing infrastructure system are 
described below. 

Levee Removal and Levee Breaches 

The levees/berms along the Nooksack River the levee along the Lummi delta, and the plugging of the 
Lummi River channel have eliminated important floodplain slough and distributary channel habitats, and 
eliminated or greatly reduced key geomorphic processes. The partial removal and setback of levees along 
the Nooksack River would restore these geomorphic processes. In the short term, this includes the 
connection of the river and tidal areas to the floodplain/marsh. In the longer term, the removal/setback of 
the levees would decrease the relative amount of stream power constricted within the presently leveed 
reach of the river, with a resultant increase in sediment deposition in the channel and floodplain. 
Sediment deposition—in conjunction with engineered log jams that would cause hydraulic constrictions—
would increase stage relative to discharge. This is desirable in increasing the connection of the Lummi 
River to the Nooksack River at progressively decreasing discharge levels through time. Optimally, the 
Lummi River would become connected to the Nooksack River at all discharge levels.  

There is some risk that the levee breaching may not provide the hydraulic response needed to restore 
geomorphic processes. Thus, the volume estimates conservatively assume that nearly 60% of the levee 
length must be removed, even though some hydraulic studies (Whatcom County Department of Public 
Works, 1999) suggest that floodwaters access the left-bank floodplain upstream of the site. Subsequent 
design may determine that removing and/or breaching the levees in phases may be beneficial in balancing 
the need to connect the water surface elevation of the Nooksack River to the Lummi River channel with 
the need to aggrade the Nooksack River channel to engage the Lummi distributary channel at 
progressively lower discharge levels. Such balancing would be assessed during later modeling. 

Setback and strategic breaches in the levees that border the Lummi River delta would restore tidal flux to 
a substantial portion of the western delta. As part of the proposed Lummi Nation Wetland and Habitat 
Bank the seapond will remain and access would be maintained from Hillaire and Kwina Roads. Portions 
of the levee system west of the Lummi River would be breached, and the existing tide gates on the levee 
east of the Lummi River would be replaced with self-regulating tide gates or similar. The self-regulating 
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tide gates would be designed to allow substantial tidal flux during normal flow conditions, but would 
remain closed during storm events. A setback levee would be installed to protect the golf course at the 
west end of the site. 

Channel Creation and Rehabilitation 

The upper 9,500 feet of the Lummi River channel would be regraded to allow for more frequent 
engagement by fluvial flows from the upper watershed. The existing Lummi River appears to be perched 
on deltaic sediments remaining from when most of the flow was directed west to Lummi Bay. Further, the 
mainstem Nooksack River has been leveed, and flow into the Lummi River is via a relatively small culvert.  

Connecting the Nooksack River to the Lummi River would enable distributary flow into the Lummi River 
at essentially all discharge levels; this would provide a sustained freshwater connection, enhance water 
quality, and increase habitat. Because the head of the Lummi River channel is substantially disconnected 
from the Nooksack River channel, the connection to the river includes rehabilitation of the Lummi River 
channel to more closely approximate water stages that occur within the Nooksack River. If actions are not 
taken to include flow into the Lummi River distributary channel at lower discharge levels, the restoration 
benefits would be more transitory and limited to periods when the Nooksack River is flooding. This may 
or may not coincide with times when water quality in the Lummi River would be substantially improved 
by upstream inputs of fresh water.  

The proposed restoration includes an engineered diversion structure in the right-bank levee of the 
Nooksack River to allow some flow into the Lummi River. To account for potential future changes in the 
stage-discharge relationship of the Nooksack River at this location, the structure would likely include 
some level of adjustment so that only the allowable discharge levels for which the downstream channel is 
designed are conveyed into the Lummi River. As currently designed, the setback levees along the Lummi 
River would not provide sufficient protection in the event the mainstem were to avulse to the west. 

The existing Lummi River has been highly modified in the last 150 years, including straightening and 
narrowing the channel. In its upstream extent, the Lummi River is very small (the field estimates suggest 
it may only convey approximately 150 cfs or less) and would be rehabilitated (enlarged) as part of the 
restoration. This would include lowering the Lummi River channel in its upper reaches, as well as grading 
and channel expansion to increase geomorphic processes and create habitat. Setback levees and 
floodplain grading are designed to confine Nooksack River overflow to within the Lummi River floodway 
without flooding across the delta.  

Modifications to the Transportation System 

Roads through the Nooksack River delta provide key transportation connections to portions of the Lummi 
Indian Reservation and the only access to the Lummi Island ferry. Much of the existing system of bridges 
and roads through the delta will have to be modified to allow for successful restoration of water and 
sediment processes. Modifications to roads and bridges on the delta east of Ferndale Road include 
Ferndale Road at the Lummi River and Slater Road at the Lummi River and Tennant Creek. Modifications 
on the west side of the delta include Hillaire Road at the Lummi River, Imhoff Road at the Lummi River, 
and Haxton Way at Smuggler’s Slough.  

In general, bridges with larger spans would be added to allow for channel migration and greater flood flow 
conveyance and transfer. Bridges are described in detail below in Section 8-7. Bridge spans over the 
Lummi River were sized to match the proposed levee setback and channel geometry to be controlled by 
the engineered diversion structure on the mainstem Nooksack River. Bridge spans on Tennant Creek were 
developed based on previous plans, which are assumed to be based on site-specific hydraulic 
investigations (DEA 2007).  All bridge designs will need to be re-evaluated during PED to conform to 
design decisions regarding the Lummi diversion structure, setback levee locations, and hydraulic criteria. 

Refer to the exhibits for a complete depiction of restoration elements and the quantities and dimensions 
used in cost estimation. 
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8-6.1.2 Constructability 

Earthwork would require mobilizing heavy equipment to the site. Access to the site can occur via the 
existing system of county and farm access roads. Temporary traffic control would be necessary during 
construction removal. 

Potential borrow sources and disposal sites are discussed in Section 8-4.1.11. 

See Section 8-10 for additional information on construction procedures and Section 8-20 for the 
anticipated schedule for construction.  

8-6.1.3 Real estate 

Real estate assumptions, valuations, and planning documents have been appropriately scaled for the 
current level of design. As additional surveys, modeling, and design are completed during PED, the real 
estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, Appendix F, Real Estate Plan. 

8-6.2 Relocations  
While information about existing utilities on the site is currently unknown, several utilities will probably 
need to be relocated to follow the new bridge and roadway alignments. These relocations will be 
coordinated and permitted with the utility owner. A utility survey will be completed during PED. In 
addition, land requirements, easement, and/or franchise agreements will be identified and coordinated.  

8-7 STRUCTURAL REQUIREMENTS 
This section discusses the structural elements of the proposed restoration including preliminary design 
requirements and criteria for bridges or roads, a description of major structures and construction 
considerations, and recommended analyses. 

8-7.1 Functional Design Requirements and Technical Design Criteria  
Roads through the Nooksack River delta provide key transportation connections to portions of the Lummi 
Indian Reservation and the only access to the Lummi Island ferry. Much of the existing system of bridges 
and roads through the delta will need to be modified to allow for successful restoration of water and 
sediment processes.  

Modifications to roads and bridges on the delta east of Ferndale Road include Ferndale Road at the 
Lummi River, Slater Road at the Lummi River,Slater Road at Tennant Creek.Modifications on the west 
side of the delta include Hillaire Road at the Lummi River, Imhoff Road at the Lummi River, and Haxton 
Way at Smuggler’s Slough. 

The current AASHTO Seismic Design guide specifications are intended for conventional bridges designed 
for the life safety performance objective considering a seismic hazard corresponding to a seven percent 
probability of exceedance in 75 years. This implies that a bridge, when following these specifications, has a 
low probability of collapse in a 1000-year event but may suffer significant damage and that significant 
disruption to service is possible.  Partial or complete replacement of the bridge may be required.  A higher 
level of seismic performance may be selected by a bridge owner who wishes to have immediate service and 
minimal damage following a rare earthquake.  Seismic engineering analysis and design costs as well as 
construction costs should be expected to increase as the post earthquake performance objectives are 
increased.  

Whether a bridge is considered “regular” or “not-regular” is a function of its physical characteristics.  A 
regular bridge is a bridge that has fewer than seven spans, no abrupt changes in weight, stiffness, or 
geometry.  Regardless of its regularity, a bridge shall be designed with earthquake resisting systems (ERS) 
corresponding to the requirements of a Seismic Design Category (SDC) of C or D (typical for the Puget 
Sound region).  As such, the regularity was not assumed to impact construction costs directly for this level 
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of design.  Determination of the Seismic Design Category, SDC, is based on the parameters identified in 
Section 8-7.9.  A category of D would result in more complex analysis and detailing requirements.  This 
suggests an increase in both the design and construction costs associated with the foundations, columns, 
and connectivity between these structural components. 

An important criterion for selecting road bridges for this site is to provide a simple and repetitive 
structural concept facilitating a healthy bidding climate; one that meets the goals stated below and is 
considered, within industry standards, to be a cost-effective solution. 

The key design requirements for the road bridges are to identify a cost-effective, constructible bridge 
structure that will support traffic, provide for prescribed horizontal and vertical hydraulic openings, 
require minimal capital to maintain, meet the AASHTO Bridge and Geometric design specifications and 
WSDOT Bridge Design Manual specifications, and have a design life of no less than 75 years. 

The bridges will be constructed of concrete shaft foundations, concrete piers, pre-stressed concrete 
girders, and a concrete deck. Concrete is a high-quality, dense mix design that should remain functional 
throughout the life of the bridge with minimal maintenance. 

Pre-stressed concrete girders consist of a very high-quality concrete; they are the most common type of 
girder used in Washington because of superior local fabrication skills and the availability of high-quality 
local aggregate. Pre-stressed concrete girders are lower-maintenance structures than their steel 
counterparts and are competitively priced with steel girders. The economy in structural design can be 
achieved by designing around the standard girders from the Bridge Design Manual Span Capability Sheets 
as long as the selected standard design meets the geometrical requirements of the particular bridge. Deep 
shafts are used in liquefiable soils which are commonly found in the flat tidal zones of the Puget Sound 
region. The design objective is to extend the foundation shafts through the liquefiable soils and embed 
them deep into the underlying glacial soils to provide the necessary lateral support for the structure 
during a seismic event. Additional design details are noted as follows: 

• In general, new bridges with longer spans will be added to allow for channel migration and 
greater flood flow conveyance and transfer. New bridges will be 44 feet wide, with span lengths 
ranging from 110 to 150 feet. Girders will be 6.5 feet deep, pre-cast concrete. New roadways will 
have two 12-foot lanes with two 8-foot shoulders.  

• Bridge spans over the Lummi River are sized to match the proposed levee setback and channel 
geometry to be controlled by the engineered diversion structure on the mainstem Nooksack River. 
The bridge spans on Tennant Creek were developed based on previous plans, which are assumed 
to be based on site-specific hydraulic investigations (DEA, 2007).  

Key design elements are identified in Table 8-7-1. These proposed new bridges will achieve significant 
restoration benefits without high social or economic costs. 

Table 8-7-1. Summary of Bridge Information 

Bridge Location Description 

Ferndale Road at Lummi River 

• New 250-foot-long bridge (two 125-foot spans), 44-
feet wide  

• 6.5-foot pre-cast concrete girders with 1-foot 
concrete slab 

• (1) 44-foot CIP concrete pilecap with columns atop 
(2) 7-foot-diameter drilled shafts; 100 foot embed at 
each pilecap  

• Remove 650 feet of roadway. Add 400 feet of new 
roadway 

• Construction Duration: 10 months 
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Bridge Location Description 

Slater Road at Lummi River 

• New 250-foot-long bridge (two 125-foot spans), 44 
feet wide 

• 6.5-foot pre-cast concrete girders with 1-foot 
concrete slab 

• (1) 44-foot CIP concrete pilecap with columns atop 
(2) 7-foot-diameter drilled shafts; 100-foot embed at 
each pilecap 

• Remove 450 feet of existing road. Add 200 feet of 
new roadway 

• Construction Duration: 10 months 

Slater Road at Tennant Creek 

• Raise Slater Road per DEA (2007) plans and add a 
new 44-foot-wide, 387-foot span on Tennant Creek 
to allow 100-year flow to pass below the bridge 

• 44-foot CIP concrete pilecaps with columns atop (2) 
7-foot drilled shafts; 100-foot embed at each pilecap 
(DEA project, 2007) 

• Include temporary detour route 

• Construction Duration: 18 months 

Hillaire Road at Lummi River 

• New 450-foot-long bridge (three 150-foot spans), 44 
feet wide  

• 6.5-foot–deep, pre-cast concrete girders with 1-foot 
concrete slab 

• (2) 44-foot CIP concrete pilecaps with columns atop 
(2) 7-foot drilled shafts; 100-foot embed at each 
pilecap 

• Remove 575 feet of existing road. Add 200 feet of 
new roadway 

• Construction Duration: 12 months 

Imhoff Road at Lummi River 

• New 250-foot-long bridge (two 125-foot spans), 44 
feet wide 

• 6.5-foot-deep pre-cast concrete girders with 1-foot 
concrete slab 

• 44-foot CIP concrete pilecaps with columns atop (2) 
7-foot drilled shafts; 100 feet embed at each pile cap 

• Remove 400 feet of existing road. Add 400 feet of 
new roadway 

• Construction Duration: 10 months 

Haxton Way  

• New 450-foot-long bridge (three 150-foot spans) 
over Lummi River, 44 feet wide 

• 6.5-foot-deep pre-cast concrete girders with 1-foot 
concrete slab 

• (2) 44-foot CIP concrete pilecaps with columns atop 
(2) 7-foot drilled shafts; 100 feet embed at each 
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Bridge Location Description 

pilecap 

• Remove 1,300 feet of existing road. Add 200 feet of 
new road  

• No change at Smuggler’s Slough 

• Construction Duration: 10 months  

 •  

The bridge design will be reviewed and approved by Whatcom County Public Works. The design will 
conform to the most current edition of the standards listed in Table 8-7-2. 

Table 8-7-2. Structural Requirements 

Item Description 

Design Specifications  
 

• WSDOT Bridge Design Manual, current edition 

• AASHTO LRFD Seismic Bridge Design, current edition  

• AASHTO LRFD Bridge Design Specifications, current edition  

Load Criteria  
 

• Live Load:  HL-93 (HS-20 Truck + 0.64k/ft lane), 1.3 Impact 
Factor 

• Load Combinations:  Per Table 3.4.1-1 LRFD (Load 
Combinations and Load Factors) 

• Pedestrian (if required):  75 psf 

• Dead:  Concrete = 0.16 K/cu ft, Steel 0.49 k/cu ft. 

8-7.2 Survey, Hydrologic, Hydraulic, and Geotechnical Data Used  
LiDAR survey and probable water surface elevations were used to develop the conceptual plan. For 
information about data used for the conceptual design, see Section 8-3.  

No geotechnical data were available at the time of the conceptual design. Numerous borings will be 
required at each bridge location to facilitate development of an accurate cross section of the geology below 
the bridge. Typically, the borings should extend to about 150 feet below ground. During the conceptual 
design phase, the typical nearshore soil characteristics of Puget Sound were considered in selecting the 
bridge foundation type. Geotechnical investigations will be required for completion of PED; see Section 8-
4.3. 

8-7.3 Site Selection Studies 
The site selection is summarized in Section 8-6. 

8-7.4 Major Structures 
Several technical considerations were used to decide on the type of bridge for the site, including: a cost 
effective structure that provides a hydraulic opening meeting the restoration goals, sufficient geometrical 
and structural capacity to safely meet the traffic demands, and sufficient capacity to meet seismic 
demands. Hydraulic openings are affected by bridge length and distance between piers. Bridge 
superstructure depth is affected by span length. Subsequent design may refine the conceptual plans in 
terms of bridge type, size, and location. The basis of design at the conceptual phase established the 
following parameters: 
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Span Length: In general, span length is highly influenced by the minimum or desirable hydraulic goals. 
Other factors that can affect the span length are good soils for foundations, minimizing piers in the 
waterway, achieving sufficient space at the banks to gain inspection access below the bridge, and the 
elevation of the water in the 100-year flood. Bridges range from 250 to 450 feet long. Longer bridge 
spans will allow for channel migration and greater flood flow conveyance and transfer. New bridges will 
be 44 feet wide, with span lengths ranging from 110 to 150 feet.  

Bridge Type: The recommended bridge type is a pre-cast, pre-stressed concrete girder bridge. This 
means the deck is supported by girders below the roadway. The girders are supported by cap beams 
which comprise the transverse beam of the pier system. The bridges proposed for this site are continuous 
bridges. This means that they will have no intermediate joints between abutments and provide for a 
continuous deck over the piers. This allows for a structurally efficient system, reducing the girder depth, 
but also restricts leakage of water from the deck onto the piers by eliminating expansion joints. The 
bridge deck and girders will have expansion capabilities at their abutments. 

The girders will be constructed of pre-cast, pre-stressed concrete, fabricated offsite and shipped by truck 
to the site for installation. Standard WSDOT pre-cast concrete girders are an efficient and economical 
bridge type for continuous span construction.  

Depth of Structure: It is assumed at the conceptual design that the bridges will have a depth of 6.5 feet. 
The bottom of the bridge soffit (low point) is set at 3 feet above extreme high water (EHW) to provide 
adequate clearance for debris. This places the bridge deck at a minimum elevation of 17.7 feet in tide-
dominated areas and a minimum elevation of 27.0 feet at Ferndale Road where the fluvial Nooksack 
flood regime will determine high water levels. 

Alignment Considerations: See Section 8-6 for alignment considerations.  

8-7.5 Describe Evaluation and Selection of Substructure Alternatives Based on 
Economy and Performance 

These bridges are located in a nearshore riverine environment, likely requiring deep foundation types. 
The geotechnical engineer will make final recommendations based on data obtained from the onsite 
boring logs and the structural engineer. See Section 8-4 for additional information. 

The soils are likely to experience liquefaction during an earthquake. As such, the shafts will have to extend 
downward through the soft materials to stiff glacial soils for a solid fixed embedment. 

The cost comparison between types of deep foundations (piles versus shafts) does not always result in a 
clear cost advantage for either foundation type. Many factors come into play such as availability of 
equipment to a contractor, a contractor’s preferred method, the depth of the footing and the ease of 
access, construction schedule, and depth of foundation. In general, cost is not a determining factor for 
deep foundation type. Forces, displacement, and geological conditions will determine which system is best 
to use. 

General and local scour are always a consideration with deep foundations. Subsequent design will include 
a hydraulic scour analysis. Protection of the structure from hydraulic scour may compete with the goals of 
the restoration. Preliminary design will evaluate these considerations and mitigate accordingly.  

8-7.6 Construction Considerations 
For bridge construction, a crane positioned on one end of the bridge will be required to set the girders in 
place. Work is anticipated to require land-based driving rigs or large augers to dig the shaft holes. Other 
equipment may include excavators, cranes, concrete trucks, and dump trucks. Placing foundations can be 
a challenge and may require temporary fill areas to facilitate the heavy cranes. It is assumed that the 
contractor will be able to install one shaft per week. In areas near the slough, large-diameter shoring will 
be required to keep out water and allow access to the top of the shaft for column form placement and 
removal. Once the shafts are installed, the columns are cast inside a shoring casing. After the casing is 
removed, the cast-in-place pile caps and bridge superstructure are constructed. 

The construction duration for each bridge is noted in Table 8-7-1.  
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8-7.7 Stability Analyses 
Bridge stability is a fundamental component in the design process and depends on boundary conditions. 
In general, the bridges are made stable by fixity in the soil/ structure relationship, fixity between the cap 
beams and the foundation elements, and designing/detailing for unbalanced loads. Longitudinally the 
bridge superstructure is held in position and restrained during earthquakes by positive connectivity to 
each intermediate pier, either “pinned” (combined with shear keys) or “fixed.” The bridge superstructure, 
however, is allowed to expand at each abutment. Transversely the bridge is tied together along its length, 
fixed or pinned to each pier, and designed to transfer all transverse loads directly to the foundation.  

8-7.8 Stress Analyses 
Stress analyses are a fundamental component in the design process and serve as the basis of how all 
structural elements are selected. Design will be in accordance with governing standards of the WSDOT 
Bridge Design Manual and the AASHTO LRFD Manual. 

8-7.9 Seismic Analyses 
All seismic analyses are performed in compliance with the WSDOT requirements and the AASHTO 
LRFD Seismic Design Specifications. This site is located in an active seismic zone. Bridges will be 
designed for a seismic event with a 7% probability of exceedance in 75 years (approximately a 1,000-year 
return period). 

The essential seismic parameters to develop the Design Response Spectrum are arrived at by the 
geotechnical engineer, if site specific; see Section 8-4.1.7 for details of the seismic analysis.    

8-7.10 Thermal Stress Analysis 
Thermal analysis is a fundamental component of the design process and will be considered per the 
AASHTO LRFD design specifications. In general, thermal stresses are handled by providing expansion 
joints in strategic locations to permit a bridge to expand and contract without a large buildup of stresses 
or movement.  

8-7.11 Other Analyses 
The conceptual design has been based on local standards for roadway design requirements, hydraulic 
analyses, loading requirements of structures, and constructability considerations. 

8-7.12 Additional Studies, Tests, Analyses 
The information needed to design a bridge is generally captured in the following studies, tests, and 
analyses:   

• Boundary and Topographic Survey  

• Geotechnical Investigation and Report 

• Hydrodynamic, Hydraulic, and Scour Analyses 

Additional investigation and studies may be needed for permitting or other site requirements unrelated to 
the infrastructure. See Section 8-21 for a complete list of recommended additional studies and 
investigations. 

8-8 ELECTRICAL AND MECHANICAL REQUIREMENTS 
Electrical and mechanical structure requirements are not applicable to this site.  
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8-9 HAZARDOUS AND TOXIC MATERIALS 
An Environmental Site Assessment Level I survey was completed by the project sponsor on 23 Feb 2011. 
The Phase I level survey noted several past uses in the project area that might indicate potential 
hazardous substances or other environmental problems. It noted electric line transformers, underground 
storage tanks, previous toxic cleanup sites, contaminated pond, and known hazardous substance sites. 
None of the buildings were entered to look for contamination. The conclusion of the Phase I survey was 
that it is possible to reasonably conclude that there is a potential for hazardous substances or other 
environmental problems, or the effects of hazardous substances or other environmental problems to be 
present on this property.  

The Phase I survey indicated that known sites included: household debris (elevated diesel and heavy oils 
detected); sewage lagoon (PCBs removed); 12-acre lake with metal contamination; wastewater treatment 
site with priority metals pollutants, and pesticides; UST (removed from reservation) possibly at the town 
of Marietta (outside the project boundaries); UST adjacent to Slater Road (removed but some 
contamination may remain); old structures that may contain asbestos containing materials and lead-
based paint; potential oiling of roads from past practices; and electric power lines with transformers that 
may have leaked. Fill from unknown origins has been used for construction of roads, berms, and levees 
and should be sampled for the presence/absence of chemicals as appropriate. Completion of a Phase II 
level survey will provide additional data on potential chemical contaminants that may be located within 
the project boundaries. It should be noted that the project boundaries have significantly changed since the 
Phase I survey was completed as a result of coordination with the Lummi Nation restoration actions. 

A review of the Washington Department of Ecology Facility/Site (provides information on facilities and 
sites of environmental interest see figure below) and EPA EnviroFacts database was accessed on 17 June 
2014. A facility which has been given a site ID may be associated with a permitted generator, stormwater 
discharge permit, or storage facility etc. ID numbers are not necessarily limited to those sites where a 
release occurred. If a release occurred and is under investigation, there is a possibility that the facility may 
be further investigated and then listed on the Confirmed and Suspected Contaminated site list or the 
Hazardous Sites list. 

The EPA Database included the Frank Moser Dairy (FS ID 9702223)  as having an unpermitted NPDES 
system located adjacent to the project boundaries and the Hovander Farm (FS ID 24175) an unpermitted 
NPDES system within the project boundaries. The Ecology database included: the Lummi Shore Dump 
(FS ID 2873 NFA Aug 3, 2004) is adjacent to the project boundaries; the Bellingham Frozen foods waste 
ponds (FS ID 96459142) within the project boundaries; the Mount Property (FS ID 6457209 awaiting 
cleanup) is a State Cleanup Site within the project boundaries; and the Green Frog Nursery, Scrap It, and 
the Piston Service Machine Shop (hazardous waste generators) are located in Marietta adjacent to the 
project boundaries. One is on the Ecology Confirmed and Suspected Contaminated Site List for Skagit 
County (only lists sites that are undergoing cleanup or awaiting further investigation) but is not on the 
Hazardous Sites List (only lists sites that have been assessed and ranked - updated Feb 26, 2014). 
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8-10 CONSTRUCTION PROCEDURES AND WATER CONTROL 
PLAN  

The proposed restoration will involve earthwork and exposure of bare ground during modification of 
multiple dikes, removal and replacement of multiple bridges, and river channel rehabilitation. At this 
stage of design, it is assumed that standard best management practices will be implemented to control 
erosion and sedimentation and ensure construction areas are stabilized as needed to prevent adverse 
impacts. A standard temporary erosion and sediment control plan will be developed during PED.  

The proposed restoration will also involve in-water work during removal and replacement of multiple 
bridges, conversion of tide gates, construction of an engineered diversion structure, river channel 
rehabilitation, and dike breaches. Most of the bridge work will be constructed beyond the ordinary high 
water mark. However, where bridge piers would be located in water, installation of caissons or coffer 
dams will be required prior to drilling of shafts to isolate the work zone. Removal of piles from existing 
bridges will require measures to contain sediment. The most appropriate methods will be selected during 
PED. 

Other in-water work associated with dike breaches and rehabilitation of channels will be sequenced and 
timed to minimize exposure, and industry standard best management practices would be used. Specific 
measures of the in-water workplan will be determined during PED. 

Specific measures for construction procedures and water control will vary depending on the location and 
nature of the work. State and federal resource agencies will impose specific timing restrictions on in-water 
work to protect fish and wildlife. In addition, specific measures may be required under site-specific permit 
requirements and to protect downstream infrastructure or built environments. The erosion and water 
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quality control plan will also need to consider and incorporate the findings of future analyses for 
hazardous and toxic materials at the site (as described in Section 8-9). A complete description of best 
management practices will be determined during PED. 

8-11 INITIAL RESERVOIR FILLING AND SURVEILLANCE PLAN 
The proposal is for ecosystem restoration. (Not applicable.) 

8-12 FLOOD EMERGENCY PLANS FOR AREAS DOWNSTREAM OF 
CORPS DAMS  

The proposal is for ecosystem restoration. (Not applicable.) 

8-13 ENVIRONMENTAL OBJECTIVE AND REQUIREMENTS  
All necessary information to develop designs, plans, and specifications, and to execute construction and 
operations is included in the Project's supporting documents including the U.S. Fish and Wildlife Service 
report titled "Strategic Restoration Conceptual Design - Preliminary Environmental Contaminant, 
Cultural Resource, and Endangered Species Site Evaluations." The environmental information developed 
for the analysis in the Environmental Impact Statement provides additional environmental objectives and 
requirements for final site design development. As summarized in Section 8-6, Civil Design, substantial 
environmental information was developed for the Feasibility Study regarding environmental problems, 
opportunities, and constraints such that the Corps could estimate costs of the restoration sites and 
prepare the Real Estate Plan.  

8-14 RESERVOIR CLEARING 
The proposal is for ecosystem restoration. (Not applicable.) 

8-15 OPERATION AND MAINTENANCE (O&M) 
Operations and maintenance costs for the Nooksack restoration are related to constructing dike setbacks, 
removing several key segments of roadway and replacing with bridges, raising roads, and adding box 
culverts in some locations. The site is large and complex, requiring the modification of several existing 
roads and the construction of several bridges. These structures will require ongoing O&M in order to 
maintain benefits of the restoration site over time. Overall, there would be an increase in annual O&M 
costs estimated at $127,000 per year on average over a 50-year period of analysis.  

Maintenance costs for roadways and road bridges were developed based upon the WSDOT Pavement 
Policy. It is assumed that roadways will be constructed with hot-mix asphalt, and that the maintenance of 
a particular road will occur as part of a larger effort that includes adjacent road sections. Bridges will be 
constructed using pre-stressed concrete girders which are commonly used due to their low maintenance 
costs. WSDOT staff indicated that the maintenance costs do not vary greatly by bridge length (Wilson, 
2011 and Baroga, 2011). Maintenance activities will include: 

• Roadway asphalt overlay twice during the 50-year period of analysis 

• Roadway grind and inlay once during the 50-year period of analysis 

• Road bridge inspection every other year 
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• Road bridge cleaning at least once per year 

At the current level of site design, all O&M activities have not been identified. Additional assessment of 
O&M activities will be conducted during PED. 

8-15.1 33CFR Part 208 Projects 
The proposed site is not a flood control project to be maintained and operated according to regulations in 
33 CFR 208. (Not applicable.) 

8-15.2 Channel or Basin Clean Out Projects 
No channel or basin cleanout activities are proposed. (Not applicable.) 

8-15.3 Multiple-Purpose, Complex Projects with Power Production 
No power production is proposed. (Not applicable.) 

8-15.1 Frequency and Cost of Maintenance Dredging 
No maintenance dredging is proposed. (Not applicable.) 

8-16 ACCESS ROADS 
Access to the sites during construction can occur via the existing system of county and farm access roads. 
Earthwork activities will require heavy equipment to be mobilized to the sites. Temporary traffic control 
would be necessary during mobilization and fill removal activities. At least one route to the Lummi 
Peninsula will be maintained for traffic. Traffic can be staged to minimize road closures. Construction 
staging areas will be further analyzed during PED. 

Permanent access will be required for maintenance of dikes. 

8-17 CORROSION MITIGATION 
Typical design standards use materials that are suitable for a marine environment such as concrete and 
galvanized steel pipe. Concrete was selected for the bridge superstructure and for the drilled shafts. If an 
alternate foundation system is selected, such as CIP steel piles, then galvanized steel should be used. 
Corrosion is generally not an issue for buried utilities or overhead power lines. 

8-18 PROJECT SECURITY 
The proposal is for ecosystem restoration. (Not applicable.) 

8-19 COST ESTIMATES 
The Nooksack cost estimate of $260,026,000 (1Q FY2015 dollars) consists of costs to restore a tidal area 
and allow a return to more natural hydrology.  This is the action with the highest total cost in the PSNERP 
project area.  Major features of work include work related to levee setbacks, and road and bridge 
demolition and installation. Other minor work includes plantings, large woody debris installation, and 
channel excavation.  
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The largest cost driver is demolition of existing roadways and construction of new roads.  These roads are 
typically constructed on top of existing levees, and when those levees are set back, the roads will need to 
be relocated as well.   

Following a formal cost and schedule risks analysis meeting held on July 16, 2012, a contingency of 26% 
was developed. This was revisited by NWS Cost Engineering in 2014. Primary cost risks came from the 
high uncertainty surrounding drainage features on the river.  Minimal detail was provided in the design 
report, and drainage features include everything from weirs, to tide gates and log jams.  While eventually 
a choice was made regarding what feature should be used, there is a sizable risk that it’s exact nature may 
change with additional design..  The primary schedule risk is from delays that could be experienced 
during removal of structures at the site.  

Risks that do not directly affect cost include excessive sedimentation either at the flow diversion or in the 
Lummi River channel may lead to flow reduction or obstruction of the river.  Further analysis is needed in 
this area, and requirements could range from a monitoring plan to omission from the project scope.  

Additionally, water quality in the Lummi River may be detrimental to fisheries in Lummi Bay because of 
poor water quality in the Nooksack River. Reconnecting these two could create environmental issues.  
Similarly, water withdrawals from the Nooksack River to the Lummi River may have adverse impacts on 
the Nooksack River (water supply, water quality, and sedimentation effects). During PED, the PDT will 
need to formulate a post project operations, monitoring and maintenance plan for these features. These 
features may also be dropped from the scope. 

Opportunities for this site for cost come from the possibility that bridge work may be substantially less 
expensive than predicted.  This chiefly comes from the standardized designs used throughout PSNERP for 
bridges.  Foundation piers were all designed very conservatively, and may be reduced with additional 
analysis.  Schedule opportunities come from the same issue.  The PDT considered it likely that there could 
be schedule reductions from lowered requirements. 

8-20 SCHEDULE FOR DESIGN AND CONSTRUCTION 
The proposed restoration at Nooksack River is considered highly complex. Based on the level of 
complexity, the anticipated design period for the site is approximately 5 years. This includes preparation 
of final design, plans and specifications, and the construction contract. 

This project involves many elements, including removal of levees, reconnection of channels, linear 
ditches, and modification of transportation infrastructure. The anticipated construction period for the 
project is approximately 2 to 4 years. Any in-water construction activities will take place during 
established work windows.  

All aspects of construction would need to be carefully phased to avoid elevated flood risks and comply 
with in-water work windows. Notably, the setback levee system would need to be in place on both sides of 
the delta before: (1) levee removal on the mainstem, and (2) allowing additional flow to enter the Lummi 
River channel.Road and bridge elements would need to be phased in a manner that allows for continuous 
access to and from the Lummi Peninsula.  

Property acquisition and permitting timelines are not included in this duration, but the time required to 
complete these upfront activities is expected to be substantial. 

8-21 SPECIAL STUDIES  
Table 8-21-1 summarizes recommended studies and additional investigations to be conducted to support 
subsequent stages of design and implementation. Unless otherwise noted, these studies are recommended 
to take place during PED. 
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Table 8-21-1. Special Studies Recommended for the Nooksack Delta Site 

Type Basic Requirements 

Property 
Investigation/Survey 

• Compile more detailed information on parcel ownership and property 
boundaries to finalize the design, confirm acquisition requirements, 
and support negotiations with property owners. 

Topographic/Bathymetric 
Survey 

• Acquire site-specific topographic and bathymetric survey data to 
refine design of key project elements, develop detailed construction 
and demolition plans, and serve as a baseline for pre- and post-
construction modeling, including hydrodynamic modeling.  

• Install a temporary tide gauge in the early design stages to obtain 
site-specific tidal statistics. 

Hydraulic and Hydrologic 
Analysis/Modeling 

• Gather hydrologic data on freshwater flows and tidal levels at this site 
to support hydraulic and sediment studies. Establish the design 
hydrology of for the Nooksack Delta. 

• Develop criteria for large wood designs, Lummi River diversion 
design, Lummi River channel sizing, and minimum bridge clearances 
over water. 

• Adapt the existing FEQ hydraulic model developed by Whatcom 
County and Lummi Nation (or other 2-D model) to investigate water 
surface elevations under pre and post project conditions. This 
investigation would ensure that significant high flow conveyances are 
accounted for, optimize levee setbacks and removals, and investigate 
upstream and downstream impacts to peak flood stages (e.g., 
Hovander Road, BNSF rail line). In certain locations, a 3-D model 
may be required. 

• As a complement to the hydraulic analysis, complete a geomorphic 
analysis of channel migration potential to consider channel response 
to dike setback and increased tidal influence. 

• Use numerical modeling and physical modeling if needed, to 
complete design and operation plans for the flow control structure at 
the junction of the Lummi and Nooksack Rivers. Evaluate the need 
for an energy dissipation facility in conjunction with conveying flow 
from the Nooksack River to the Lummi River. Evaluate the design of 
the facility and its potential effects on hydraulics and sedimentation. 

• Complete water quality sampling and analysis of water quality effects 
as needed. 

• Review the potential effects on water wells, septic systems, and 
groundwater seepage in the area of potential hydraulic effect. 

• Formulate a monitoring plan, including any required field surveys or 
instrumentation that will be used to evaluate the project’s hydraulic 
performance. 

•  

Sedimentation Analysis • Conduct sediment transport evaluations to decrease uncertainty 
about floodplain sedimentation processes and sustainability. Address 
the amount and potential areas of sedimentation. 

• Evaluate the water quality effects of increased sedimentation in the 



Engineering Appendix  Section 8 
Nooksack River Delta  Page 42 

Type Basic Requirements 

Nooksack Delta downstream of the junction with the Lummi River. 

• Evaluate the need for slope protection on levees, roadway 
embankments, and bridge abutments and address the issue of scour 
at bridge pilings.  

Coastal Engineering Studies 

 

• Refine sea level projections using localized tide gauge data.  

• Review and establish the final design tidal datums. 

• Address the impact of wind waves. 

Geotechnical Investigation 

 

• Perform subsurface explorations, testing, and field reconnaissance. 

• Complete additional geotechnical study and recommendations to 
finalize design of dikes, levees, roads, and bridges. 

• Perform a settlement analysis for roadway embankments. 

• Complete stability, settlement, and seepage analysis for levee design. 

Wetlands • Document the location, extent, and character of wetlands. 

Foundation Design Study • Perform static and seismic analysis according to AASHTO LRFD for 
vehicle bridges and AREMA for railway bridges. 

Abutment Stability Study • Evaluate the potential for liquefaction and ground improvement. 

Pavement Design Study • Complete a pavement design study for new roadways and approaches 
(include traffic analysis for ESALs). 

Utility Survey • Obtain more detailed information on utilities to finalize the design 
and confirm acquisition requirements. 

Phase II Environmental Site 
Assessment 

• Assess historic fills and conduct soil sampling for contaminants. 

Cultural Resources 
Investigation  

• Survey for archaeological and historic resources in areas proposed for 
excavation.  

Cost Study • Assess potential for cost and schedule reductions during refinement 
of restoration design. 

Environmental Permitting  • Complete documentation and applications for environmental permits 
with federal and state agencies. 

8-22 DATA MANAGEMENT 
Project documents, background materials, and digital files from the local sponsors were provided to the 
project team directly, through the State’s Habitat Work Schedule, or via the Nearshore Portal. The project 
team also used databases previously developed by and for the Nearshore Ecosystem Restoration Project 
including the Change Analysis and backing geospatial data (see Section 8-3.1.1 for additional detail). 

Work products for the conceptual restoration designs were developed primarily in GIS and typical word 
processor and spreadsheet applications. GIS products for all sites were collected in a single geodatabase 
that captured spatially referenced locations and sizes of major design elements.  
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8-23 USE OF METRIC SYSTEM MEASUREMENTS  
This report uses United States customary units for design and construction measurements. To remain 
consistent with work conducted to date, the metric system of measurement was not used. 
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ANNEX 1: EXHIBITS 
This annex contains a set of site-specific exhibits prepared for the proposed restoration. The 
exhibits include:  

Exhibit A – Conceptual Design Plan 

Exhibit B – Conceptual Design Sections 

Exhibit C – Quantity Estimates 
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SOURCE. PSNERP (2011), AcnOI (2009, NAIP) 

Lead Contractor. ESA 
Design Lead: ESA, S. Winter, PH 
Scope and quantity changes: USACE Brouse/Campbell June 2014 

Legend 
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- Channel Rehab/Creation 
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- Proposed Tide MHHW 
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Site Name: Nooksack River Estuary 

Index Map 
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l ~---------------------
SOURCE. PSNEfiP {20 11~Aen&I {NAIP, 2009) 

Lead Contractor: ESA 
Design lead: ESA, S. Winter. PH 
Scope and quantity changes: USACE Brouse/Campbell July 2014 
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Site Name: Nooksack River Estuary 

WestView 
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Restoration Quantity Estimate 

--Site Name; Noollsacl< Delta 

~· 

~ Site#'. 1055 Rayised V!ilil baclicl'>~ llpdat~ 30 Ju~e ~1 1 ---.-
Da te: F~<bruary 20'11 R•llised April 2012 

'"-· By! ESA R""'sed Sepff<!lber 2012 
R,...;Slon~ by USA(! I: 6~~-~rnl>bell Jllnii2014 
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Desjgn and Detailed Site hwestl,gollons 
100%d..Sian LS 1 25% x Enoineer's Estfmale le~ PJIMous eost5 
Geotechnical Studies Refer to desillfl r>O.PQrt lor descri·mion of need 
Cultural Studios Refer to de$ian reoorUor dOMcrioUon or need 
HTWR S!udie<> IU!fer to desi.!lll re~ort for descrip~on of need 
land SIJrYey_Doeumenta~on OOJ!O$ Doscrib~J~os and_<tuantitios oll!~ected documentation 
T ooonranhic/Bathvmelric Sur-~ev; crevrdavs Describe ouantilies of exoocted suovev 
Boondarv Survevs cr.....,.davs Describe ouantilies of exoected survev 
SIJrwv Data ·Reduction davs Dascribe I !!Vel of effort 
S.Urvev Dala .Research davs Descnbe level of effort 
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Remove Ori inal Pro eel Fealures. :as-nii!'C'e$$2N varies Describe tvnes and ou~nlities of eoo>ected demofilion 
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ANNEX 2: COST ESTIMATE DETAILS 
Cost estimate details include estimated costs, anticipated construction schedule, and risk 
register.  
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Print Date Wed 23 July 2014 

Eff. Data 711/2014 

labor ID: NLS2012 EQ ID; EP1~ R08 

U.S. /vmy Corps of Engineers 
Project : Nook~ck River Estuary 

PSNERP Feasibility Report 

Noollsaok River EstiJery 
Nooksaok River Estuary 

SELECTED ALTERNATIVE:Thi$estimate i~ for the Partial Restoration Altematlve 
BASIS OF COSTS: Mil English Cos!book and associated libraries, vendor pricing, and built crew.s. 

SCOPE OF WOR~ Finel Feasibilif¥ Report 
ESTIMATE CLASS; Conceptual , Level 4 

Original Estlmet: Jfm Jetton, PE. CCE (NVWV) 
Revised Es~mate: Daniel Lowry, PE. CCC (NWS) 

Estirna ted by 
Designed by 
Prepared by 

Prepa ration Date 

Effective Date of Pricing 
Esbmafed Construction Time 

NWS, Cost Engineenng Seolion 
NWS, Design Brenoh 

Daniel Lowry. PE. CCC 

7/1/2014 

7/1/2014 
2,185 Days 

Thie report ie not oopwighted, but the information contained herein is For Official Use Only, 

Currency i11 US dollars 

Time 17 ' 1 4~5 

Title Page 

TRACES Mil Versron 4,2 
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Print Date Wed 23 July 2014 
Eff. Date 7/1/2014 

Designed by 
NWS, Design Branch 

Estimated by 

NWS. Cost Engineering Section 

Prepared by 

Daniel lowry, PE, CCC 

Direct Costs 

LaborCost 

EQCost 

Mad Cost 
SubBidCost 

U.S. Atmy Corps of Engineers Time 17:14:25 
Project : Nooksack River Estuary 

PSNERP Feasibility Report l ibrary Properties Page i 

Costbook CB12EB-b: Mil English Cost Book 2012-b 

labor NLS2012: NaUonal Labor Library- Seattle 2012 

Design Document Final Feasibility Report 
Document Date 6/3/2011 

District Seatde District 

Contact John Dudgeon. Chief Cost Engineering 

BudgetYear 2015 

UOM System Original 

Timeline/Currency 

Preparation Date 7/112014 

Escalation Date 7/1/2014 

Eff. Pricing Date 7/112014 

Estimated Duration 2185 Day(s) 

Currency US dollars 

Exchange Rate 1.000000 

w.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable. In a non-union job the whole fringes are taxable. In a union job, the vacation pay fringes is t: 
Labor Rates 

Nafl labor 2010 

LaborCost2 
LaborCost3 

LaborCost4 

08 NORTHWEST 
Sales Tax 5.40 

Working Hours per Year 1,540 
Labor Adjustment Factor 1.05 

Cost of Money 2.50 

Cost of Money Discount 25.00 

Tire Recap Cost Factor 1.50 

Tire Recap Wear Factor 1.80 

Tire Repair Factor 0.15 

Equipment Cost Factor 1.00 

Standby Depreciation Factor 0.50 

Labor ID: NlS2012 EQ ID: EP11R08 

Equipment EP1 1R08: Mil Equipment 201 1 Region 08 

Fuel 
Electricity 0.072 

Gas 3.670 
Diesel Off· Road 3.450 

Diesel On· Road 3.990 

Currency in US dollars 

Shipping Rates 
Over 0 CWT 28.32 

Over 240 CWT 26.60 
Over300CWT 24.23 

Over 400CWT 22.06 

Over500CWT 11 .26 

Over 700CWT 9.51 

Over800 CWT 6.48 

TRACES Mil Version 4.2 
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Prir1t Date Wed 23 July 2014 
Eff. Data 711/2014 

Labor ID: NLS2012 EQ ID; EP11 ROB 

U.S. Nmy Corps of EngiT'eers 
PrQject : Nook~ck River EstiJary 

PSNERP Feasibility Report 

Currency in US dollars 

Tlms 17 '14:25 

Ubrery Properties Pe.ge 11 

TRACES Mil Version 4 2 
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Print Date Wed 23 July 2014 
Eff. Date 7/1/2014 

Direct Cost Markups 

Productivity 

Overtime 

Standard 

Actual 

Day 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 

Sunday 

Sales Tax 

Mat/Cost 

Contractor Markups 

JOOH 

HOOH 

Profit 

Bond 

Excise Tax 

WAB&O 

Owner Markups 

Escalation 

Contingency 

SIOH 

StartDate 

Days/Week 
500 

500 

OTFactor 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

2.00 

Labor ID: NLS2012 EO ID: EP11 R08 

U.S. Army Corps of Engineers 
Project : Nooksack River Estuary 

PSNERP Feasibility Report 

Category 
Productivity 

Overtime 

Hours/Shift 
8.00 

8.00 

TaxAdj 

Category 

JOOH 

HOOH 

Profit 

Bond 

Excise 

Excise 

Category 

Escalation 

Startlndex 

Contingency 

SIOH 

Working 

Yes 

Yes 

Yes 

Yes 

Yes 

No 
No 

Shifts/Day 
1.00 

1.00 

EndDate 

Currency in US dollars 

Method 

Productivity 

Overtime 

1st Shift 
8.00 

8.00 

2nd Shift 
0.00 

0.00 

OTPercent 

0.00 

Running % on Selected Costs 

Method 

Direct % 

Running % 

Running % 

Running % 

Running% 

Direct % 

Method 

Escalation 

Running % 

Running % 

End index 

Time 17:14:25 

Markup Properties Page iii 

3rdShift 
0.00 

0.00 

FCCM Percent 

0.00 

Escalation 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 U.S. Army Corps of Engineers Time 17:14:25 
Eft. Date 7/1/2014 Project : Nooksack River Estuary 

PSNERP Feasibility Report Project Cost Summary Page 1 

Descri lion Quantity UOM ContractCost Escalation Contingenc;r: SIOH ProjectCost 

Project Cost Summary 139,358,423 0 0 0 139,358,423 

Nooksack River Estuary 1.00 LS 139,358,423 0 0 0 139,358,423 

68,904,082.00 68,904,082.00 

Relocations 1.00 EA 68,904,082 0 0 0 68,904,082 

57,712,353.51 57,712,353.51 

Roads, Construction Activities 1.00 EA 57,712,354 0 0 0 57,712,354 

11, 191,728.49 11, 191,728.49 

Cemetery, Utilities, & Structure 1.00 EA 11,191,728 0 0 0 11,191 ,728 

Fish and Wildlife Facilities 1.00 LS 28,853,385 0 0 0 28,853,385 

Wildlife Facilities and Sanctuaries 1.00 LS 28,853,385 0 0 0 28,853,385 

Channels and Canals 1.00 LS 602,927 0 0 0 602,927 

602,926.99 602,926.99 

Channels 1.00 EA 602,927 0 0 0 602,927 

Levees and Floodwalls 1.00 LS 39,400,491 0 0 0 39,400,491 

Levees 1.00 LS 39,400,491 0 0 0 39,400,491 

Cultural Resource Preservation 1.00 LS 1,597,538 0 0 0 1,597,538 

Cultural Resource Preservation 1.00 LS 1,597,538 0 0 0 1,597,538 

Labor ID: NLS2012 EQ ID: EP11 R08 Currency in US dollars TRACES Mil Version 4.2 
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AOOOO Notice to Pr<X:eed 
A0910 Project Closeout 05-~31 

Relocations t4•9 26-M8f·26" 11-Mar-~1 

Roods 63$ 21.> 'Aar·2& 02- Jun·2~ 

AIOOO MObllczatton 10 26-Met·26 08-AI>t· Z<l 

AIOIO Su<Vey 32 08-AI>t-26 18-Mo)'-26 
A10:Z.O Sl Fence fllslallatim 6 1~May-26 25--May-26 

At030 ROi<! Demdllon 388 22-Jan..27 2()-May-23 

A1040 Road lnstalatlon 193 25-Moy-2& 

A1060 Oemobl2...,.. 

B ridges 
AtOSO Mdlilzatlon 10 22-Jan-27 

At06t Sit Fence lnstaltalicn ; 03-Feb-27 07-Feb-27 

A1070 13n<*.le Oemcltloo 122 28-~30 27·Feo-31 
A1081J Bnclge c~truo:llon to&; 07-Fc:b-27 27·Scp-30 

At100 Oemobtz&boo to 2T-Fc:b-3t 11-Mar·31 

UtilitieS 6 12 2$.\1;!1-26 29-Ap<-26 
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9-1 GENERAL – NORTH FORK SKAGIT RIVER DELTA 
9-1.1 Overview of Restoration Site 
 

The North Fork of the Skagit River empties into Skagit Bay just south (downstream) of the town of La 
Conner. The proposed action is located between the former inlet of Dry Slough and the western terminus 
of the dike system near Rawlins Road. Extensive diking of the North Fork Skagit River has caused 
substantial loss of tidally influenced wetlands and their associated tidal channels. River levees have 
reduced floodplain area and constrained the river channel. 

The North Fork Skagit site was selected to address River Delta restoration objectives to protect and 
restore freshwater input and tidal processes where major river floodplains meet marine waters. Target 
ecosystem processes include: 

• Tidal flow 

• Freshwater input (including alluvial sediment delivery) 

• Erosion and accretion of sediments 

• Distributary channel migration 

• Tidal channel formation and maintenance 

• Detritus recruitment and retention 

• Exchange of aquatic organisms 

 

The proposed restoration would set back flood risk management dikes on both sides of the river, restore 
natural levees, and restore 256 acres of rare tidal freshwater marsh. Key restoration elements of this 
action include the following: 

• Lower and breach dikes; construct new dikes to maintain existing level of flood risk management 
• Excavate tidal channel network 
• Remove shore armor, buildings, pavement, boat ramp, and roads 
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Figure 9- 1-1. North Fork Skagit River and Vicinity 

 

9-2 HYDROLOGY AND HYDRAULICS 
The North Fork Skagit River Delta site lies near the estuary of the North Fork of the Skagit River. The 
Skagit River drains a watershed of over 2,700 square miles and splits into North and South Fork 
distributary channels about 10 miles upstream of the mouths.  Average annual precipitation for this 
watershed is 101 inches per year. The site is located on the left bank of the North Fork Skagit River. Figure 
9-2-1 shows a map of the watershed, including the North Fork of the Skagit River and the local drainages 
that affect The North Fork site. 
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Figure 9-2-1. The North Fork Skagit River Delta site – Skagit River watershed 

The majority of the North Fork Skagit River Delta site lies below the 100-year flood elevation. The area is 
primarily agricultural. Blake’s Resort, a small recreational vehicle (RV) park and dock, lies within the site 
adjacent to the left bank of the North Fork Skagit River. Highway 534, known as Best Road, crosses near 
the middle of the site and is a primary access to Fir Island, connecting it to Interstate 5 and State Route 
20. The Best Road bridge and its southern approach are above the 100-year floodplain. The intent of the 
project is to increase the frequency of both tidal flow and riverine flooding into the site for the purpose of 
habitat restoration and will require removal of all structures and utilities within the project area. The 
project will lower the existing left bank levee and portions of the right bank levee, create a tidal channel 
network and build a setback levee on the left bank adjacent to Rawlins Road.  

The hydraulics and hydrology for all restoration sites in the Puget Sound Nearshore Ecosystem 
Restoration Project were evaluated using an area of potential hydraulic effects specific to the construction 
requirements for each particular site. The limits of the area for this site were established using 100-year 
base flood elevations derived from a combination of Federal Emergency Management Agency (FEMA) 
Flood Insurance Rate Maps and Flood Insurance Studies as well as U.S. Army Corps of Engineers 
(USACE) base flood elevation determinations. 

According to the 100-year base flood elevation as determined by the FEMA flood insurance mapping for 
unincorporated areas of Skagit County, community 530151 (revised 1985), the entire site lies well within 
the 100-year floodplain and away from floodplain boundaries. Figure 9-2-2 shows the area of potential 
hydraulic effects for the North Fork site as identical with the restoration site boundaries. The base flood 
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elevation varies between 22 feet (NAVD88) at the upstream limit of the site and 18 feet (NAVD88) 
downstream and depends primarily on flooding from the Skagit River.  

This delineation of the area of potential hydraulic effects assumes that the planned lowering and setting 
back of levees will not substantially adversely affect levees or infrastructure on adjacent properties.   There 
may be some slight lowering of flood levels for a short distance upstream of the site because of the levee 
setback. During Project Engineering and Design (PED), the current hydrodynamic model of the Skagit 
River will be revised to reflect the changed geometry and to confirm the extent of hydraulic effects from 
the restoration. The limits of the area of potential hydraulic effects do not incorporate the potential for sea 
level change but this potential is discussed in Section 9-2.1.9. 

 
Figure 9-2-2. The North Fork Skagit River Delta site: Area of potential hydraulic effects.  

9-2.1 Functional Design Requirements 
This section describes the hydrologic and hydraulic setting for the site and the intended hydraulic 
consequences of the design features. 

9-2.1.1 Consequences of flows exceeding discharge capacity of the project 

 The proposed action will restore the riverine floodplain and tidal connectivity along the lower 
reach of the North Fork of the Skagit River. This will require constructing a new flood risk 
management levee further inland. The existing levee would be lowered and selectively breached 
to allow inundation of the estuarine emergent marsh and sustain back channel habitat. Forested 
floodplain habitat would be created along the lowered levee adjacent to the mainstem river 
channel.The setback levees will be built to provide the same level of protection, approximately 
20-25-yr, as the existing levees .  
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9-2.1.2 Project-induced changes obligating mitigation 

Mitigation, in the context of this site, applies to compensation of local stakeholders for any loss of 
function or detrimental project-induced changes. The possible project-induced changes obligating 
mitigation, as identified at this stage of design, are summarized below: 

• Since the site is currently used for agriculture, there is a potential for some loss of this 
economic resource if the site is no longer actively farmed.  

• The lowering of levees and construction of new channels, followed by the eventual 
development of distributary channels, will allow increased tidal prism at the site. The work is 
likely to result in increased flows to the downstream sloughs and redistribution of sediments. 
The amount and potential areas of flow changes and sedimentation will be addressed during 
PED. 

9-2.1.3 Discharge-frequency relationships 

The site is located on the south bank of the North Fork Skagit River. The predictions for river discharge 
for this area are taken from the Skagit River Flood Risk Management Feasibility Study, Hydrology 
Technical Document (USACE, 2013). The estimates for the Skagit River near Sedro-Woolley are shown in 
Table 9-2-1. Flood discharges at the site are significantly lower due to significant overbank flow and the 
flow split at the junction of the North Fork and South Fork Skagit River.  

Table 9-2-1. Peak Discharge – Frequency predictions for Mainstem Skagit River at Sedro-
Woolley 

Method 
10-year 

(cfs) 

50-year 

(cfs) 

100-year 

(cfs) 

500-year 

(cfs) 

Regulated 
Synthetic 
Hydrographs 133,000 197,400 235,700 325,400 

9-2.1.4 0.2% chance of exceedance flood (500-year return interval flood) 

The area of potential hydraulic effect for the North Fork Skagit River Delta site is dominated by fluvial 
flows with some influence from coastal flooding. The only critical infrastructure at this site is the Best 
Road Bridge. The 500-year flood elevations are essentially the same as the 100-yr flood elevations, thus 
the 500-yr flood will not be evaluated separately.  

9-2.1.5 Stage-discharge relationships 

Current stage-discharge relationships were computed for the North Fork Skagit River in the Skagit River 
Flood Risk Management Feasibility Study, Hydrology Technical Document (USACE, 2013). Table 9-2-2 
shows the computed elevations at the Best Road bridge. The 50-year, 100-year, and 500-year elevations 
are essentially the same. In order to forecast new stage-discharge relationships and effects on adjacent 
levees in the Skagit Delta, a revised hydraulic model will have to be implemented which reflects the 
proposed geometry of the site. This will be addressed during PED. The model will also incorporate the 
planned site work at the adjacent PSNERP site of Milltown Island.   

Table 9-2-2. Stage-discharge relations as shown in FEMA  
Flood Insurance Study for The North Fork Skagit River Delta site (FEMA, 2008) 

Location 
10-yr Stage 

(feet 
NAVD88) 

50-yr Stage 
(feet 

NAVD88) 

100-yr Stage 
(feet 

NAVD88) 

500-yr Stage 
(feet 

NAVD88) 

Best Road 17.5 21.0 21.0 21.0 
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9-2.1.6 Flow duration 

At present, it is not anticipated that a flow duration analysis will be required at the site.  

9-2.1.7 Flood inundation boundaries and flood stage hydrographs 

Figure 9-2-3 shows the 100-year flood inundation levels from the Skagit County FEMA Flood Insurance 
Study (FEMA, 2009). In order to forecast any changes in flooding pattern, a revised hydraulic model will 
have to be implemented which reflects the proposed geometry. This will be addressed during PED. 

 
Figure 9-2-3. Current FEMA 100-year flood zone as adapted from Flood Insurance Rate 

Map (FIRM 530151 0425C) (FEMA, 1985) (Elevations in NGVD29; NAVD29 + 3.79 = NAVD 
88) 

9-2.1.8 Reservoir yields 

No reservoirs are planned as part of this site.  

9-2.1.9 Risk and uncertainty analysis for sizing of the project under study 

The existing levees would be lowered to elevations similar to that of the natural levees (about 13.5 feet 
MLLW, 12 feet NAVD88), which are formed during flood events and exist further downstream. The 
setback levees will be built to provide the same level of protection to Fir Island, approximately 20-25-yr, 
as the existing levees. 

Channel sizing: 

Channels will be excavated to equilibrium dimensions as described in the Applied Geomorphology 
Guidelines (an attachment to this engineering appendix). ).  Channel top widths would vary between 30 
and 100 feet, with depths between 4 and 12 feet below existing grade. A channel depth of 12 feet would 
allow for some infilling of the channels without impacting the performance of the restoration.  How the 
new tidal channels will evolve is unknown, but the concept of natural evolution minimizes any risk 
because there are no specific discharge requirements for the new channels. 

Sea Level Change  

The North Fork Skagit River Delta site is located in the Whidbey Subbasin of Puget Sound. Sea level 
change calculations for the Whidbey Subbasin are based on the Seattle tide gauge and are calculated using 
the guidance under ER 1100-2-8162 Incorporating Sea Level Change in Civil Works Programs (USACE, 
2013).  
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Table 9-2-5 shows the range of sea level change projections for the 50-year project life, indicating a 
maximum sea level change of 3.89 feet in 50 years. The largest risk associated with sea level change at this 
site is the displacement of habitat upstream, with freshwater habitat becoming intertidal habitat and 
intertidal habitat becoming subtidal habitat. Tidal marshes can adapt to sea level change by building 
elevation to keep pace with the rising water levels, but this requires an adequate supply of sediment 
and/or organic matter accumulation. Future studies should include a sedimentation analysis to determine 
what impact the restoration will have on sedimentation rates and if there is sufficient sediment 
accumulation to keep pace with the projected sea level change.  

Table 9-2-3. Projected Sea Level Change (feet) Seattle (Gauge 9447130) 

Year Low  (feet) 
Intermediate 
(feet) 

High (feet) 

2035 0.32 0.48 1 

2045 0.39 0.64 1.43 

2055 0.46 0.82 1.93 

2065 0.54 1.01 2.51 

2075 0.61 1.22 3.16 

2085 0.68 1.45 3.89 

9-2.1.10 Water quality conditions 

Water quality information has not been reviewed in detail for this site. The restoration is not anticipated 
to generate any long-term effects on surface water quality. Anticipated water quality effects are as follows: 

• Construction-related turbidity and suspension of sediments may occur due to dike lowering and 
breaching.   Sediment control will have to be carefully considered in the construction planning. 

• Temporary increases in sedimentation may occur downstream of the site because of the release of 
sediment during the formation of any new distributary channels. These effects, together with 
other sedimentation issues, will be evaluated during PED. 

• Levee lowering and channel construction may increase salinity within the site due to the 
increased tidal prism. Since the goal is to restore historic conditions, restoration of historic 
salinity patterns is presumed to be a desirable outcome.  If needed, water quality sampling and 
analysis of water quality effects can take place during PED. 

Rawlins Road, to the west of the site, was the subject of a study by Battelle (Yang, 2006) in connection 
with several restoration options around Fir Island. As part of the study, velocity, tidal elevation, salinity, 
and temperature time histories were collected at the northwest corner of the site using an S4 current 
meter mooring station. Instantaneous salinity and temperature profiles were also obtained near the 
station during instrument deployment and retrieval. The salinity measured during three weeks in June of 
2005 averaged around 0.12 PSU (Practical Salinity Units) with occasional excursions to around 0.15 – 
0.16 PSU. 

9-2.1.11 Groundwater conditions 

No groundwater information has been reviewed for this site.  The lowering and breaching of dikes will 
allow an increased tidal prism within the site which may be accompanied by saltwater intrusion. Since the 
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goal is to restore historic conditions, restoration of historic salinity patterns is presumed to be a desirable 
outcome. 

9-2.1.12 Preliminary project regulation plan 

The setback levees will be built to provide the same level of protection for Fir Island, approximately 20-
25-yr, as the existing levees . 

9-2.1.13 Preliminary real estate taking line elevations 

The current real estate limits are delineated by the construction area, staging areas, and access roads and 
include the entire potential area of hydraulic effects. Real estate assumptions, valuations, and planning 
documents have been appropriately scaled for the current level of design. As additional surveys, modeling, 
and design are completed during the PED phase, the real estate documentation will be modified 
accordingly. For the current real estate status, refer to the Feasibility Study, Appendix F, Real Estate Plan. 

9-2.1.14 Criteria for facility/utility relocations 

Buildings, roads, utilities, and other hard structures/surfaces within the setback area, including 
Blake’s Resort, will be removed. For further details on the utility relocations see Section X-6.3. 

9-2.1.15 Criteria for identification of flowage easements required for project function 

No flowage easements are anticipated for this site. This will be reviewed and confirmed during PED. 

9-2.1.16 Criteria in support of project OMRR&R requirements 

Monitoring needs associated with the hydraulic function of the site are as follows: 

• This restoration concept relies on natural evolution of the floodplain and channels, therefore no 
hydraulic performance monitoring is necessary. 

• The North Fork Skagit River Delta site will require periodic monitoring to observe whether 
excessive erosion is developing that would threaten the reliability of the new setback levees. 

9-2.1.17 Environmental engineering considerations 

In the context of hydrology and hydraulics, environmental engineering is taken to mean water supply and 
sanitation. Existing water supply or sanitation systems will be decommissioned.  

9-2.2 Residual Flooding Consequences – With Project Flooding 
This section discusses the predicted hydraulic conditions after construction of the proposed restoration. 

9-2.2.1 Warning time of impending inundation 

There will be no residences or infrastructure within the site, except for the Best Road Bridge. Aside from 
regional warnings for possible flooding, no warning system is planned.  

9-2.2.2 Rate of rise, duration, depth, and velocity of inundation 

Unsteady flow analysis or flood flow routing is unlikely to be required for this site. No analysis of rate of 
rise and flow duration is planned for flood flows. The depths and velocities at the levee removals and in 
the tidal channel due to the combined effects of river flow and tidal prism will be evaluated during PED. 

9-2.2.3 Historic, 1% and 0.2% exceedance (100-year and 500-year) flood extents 

Setting back the levees is not likely to increase peak water levels, even for the estimated 100‐year event. 
Flood elevations will be reviewed during PED and revised if necessary. 
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9-2.2.4 Access and egress problems created by flooding 

Best Road and bridge cross the site.  The bridge and southern approach are above the 100-yr flood 
elevation.   There would be no loss of access or egress during flood events due to the project. However, 
area flooding may limit access to the bridge during floods of approximately 25-yr or larger. 

9-2.2.5 Potential for loss of life as a result of 9-2.2.1 through 9-2.2.3 

The potential for loss of life as a result of the restoration is low. Areas within the site will be inundated 
more often for low return interval floods. However, the entire site lies within the 100-year floodplain and 
is not likely to be occupied by people during floods. 

9-2.2.6 Identification of any potential loss of public services 

There are no public services within the site.  

9-2.2.7 Potential physical damages 

Potential physical damages that can occur during flooding will be addressed by the hydraulic analyses 
conducted during PED. This will include an evaluation of erosion and sedimentation in the channel 
adjacent to the site and any cross-channel effects of the levee setback. 

9-2.3 Project Induced Flooding – Change from Pre-Project Conditions 
This section describes the effects of the site on flood elevations, flood patterns, and flood frequency. 
Induced flooding was considered in the project formulation resulting in the plan for a setback levee to 
maintain the same level of flood protection as for pre-project conditions. Approximately 6,700 acres of 
agricultural land with houses – primarily Fir Island – will be at risk of inundation if the existing levee is 
removed at the North Fork Skagit River Delta Site. For discussion of the preliminary real estate valuation 
and the estimated construction costs for the setback levee, please refer to Section 6.4.1 of the Draft 
Feasibility Report/Environmental Impact Statement. 

9-2.3.1 Information categories required by 9-2.2 

Flooding at the North Fork Skagit River Delta site is dominated by fluvial discharge from the Skagit River 
with some influence from coastal flooding and tides. Lowering of the levees at the site is not anticipated to 
increase peak water levels during 100-year floods. Water levels within the site during smaller flood events 
will be affected by the increased tidal prism and the availability of new inflow pathways to the site. The 
increased flow in the site is a goal of the restoration effort. 

9-2.3.2 Anticipated frequency of induced flooding 

The proposed work is expected to slightly alter the pattern and frequency of flooding of the site.  Areas 
within the site will be inundated more often for lower return interval floods, which is one of the goals of 
the restoration effort. 

9-2.4 Inundation Risk 0.2% Exceedance (500-year Return Interval) Flood 
Work at the site is not anticipated to change the frequency of flooding, or to appreciably change the 500-
year flood elevations in the North Fork Skagit River Delta site.  

9-2.5 Hydraulic Studies  
This section discusses the hydraulic studies, construction considerations, and instrumentation and 
monitoring needs for the site. The anticipated hydraulic studies at this site are summarized in Section 9-
21. 
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9-2.5.1 Hydraulic roughness determinations 

No hydraulic roughness determination is currently planned. If a hydraulic roughness determination is 
required to complete hydraulic analyses, then roughnesses will be determined using a combination of 
aerial photographs and field surveys during PED. 

9-2.5.2 Water surface profiles 

Current water surface profiles as reported in the Skagit River Flood Risk Management Feasibility Study, 
Hydrology Technical Document (USACE, 2013) include the presence of the perimeter levees. In order to 
predict the with-project water surface profiles, a revised hydraulic model will have to be implemented 
which reflects the proposed setback levees. This will be addressed during PED. 

9-2.5.3 Stage-discharge relationships 

Current stage-discharge relationships as reported in the the Skagit River Flood Risk Management 
Feasibility Study, Hydrology Technical Document (USACE, 2013) include the presence of the perimeter 
levees. In order to predict the with-project water surface profiles, a revised hydraulic model will have to be 
implemented which reflects the proposed setback levees. This will be addressed during PED. 

9-2.5.4 Head loss 

Other than the head losses that will be incorporated into the revised hydraulic model, no additional head 
loss studies are planned.  

9-2.5.5 Flow and velocity 

Flow and velocity information from the revised hydraulic model will be used to assess the possibility for 
sedimentation, scour, and bank erosion in and around the site. 

9-2.5.6 Structural sizing needed to meet design capacity including slope protection 

The hydraulic analysis conducted during PED will include the size and slope protection required for the 
setback levees. 

9-2.5.7 Water control facilities 

The hydraulic analysis conducted during PED will include the size and slope protection required for the 
setback levee. 

9-2.5.8 Energy dissipating facilities 

No energy dissipation facilities are proposed. (Not applicable.) 

9-2.5.9 Erosion control requirements 

Construction 

Planning during PED will evaluate the best and most cost-effective methods for excavation. Earthwork 
will likely be accomplished using land-based equipment, but some limited earthwork with water-based 
equipment may be needed to excavate existing bank protection. This will be verified during PED. Barge 
navigation and positioning have the potential to suspend or erode bottom sediments in the river, so 
appropriate in-water sediment control measures will need to be used to minimize impacts. These may 
include excavating during extreme low tides, installing silt curtains, or possibly using a containment 
structure for work in the dry. Excavation of interior tidal channels should occur prior to breaching the 
outlets to minimize sediment impacts to the waterways. Temporary roadways adjacent to waterways need 
to be engineered to minimize sediment impacts. 
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With Project 

No erosion control is currently anticipated outside of the construction boundaries since the goal of the 
project is to reestablish natural erosion and sedimentation processes. The hydraulic analysis conducted 
during PED will evaluate whether erosion control or slope protection is needed in areas within or adjacent 
to the site because of flow changes caused by the restoration. 

9-2.5.10 Existing and post-project sedimentation 

Although the entire Skagit River Estuary is an active accretionary environment, it is also very dynamic. 
The North and South Forks of the Skagit River have, in the past, carried different proportions of the 
sediment load and may continue to shift in their relative transport capacities. Distributary channels in the 
estuary may shift or avulse as part of natural sedimentation patterns. If conditions at the North Fork 
Skagit River Delta site remain as they are presently, the area will continue to subside from lack of new 
sediment inflows. The breaching and lowering of dikes and the consequent development of a distributary 
channel network will allow increased tidal prism and sediment inflows at the site. The work is also likely 
to result in increased flows to the downstream channels. The amount and potential areas of flow changes 
and sedimentation will be addressed during PED. 

9-2.5.11 Water control and order of work during construction 

Construction should be sequenced, with work on the interior areas first and levee lowering last. For 
further considerations refer to Section 9-2.5.9. 

9-2.5.12 Criteria for facility/utility relocations 

Buildings, roads, utilities, and other hard structures/surfaces within the setback area, including 
Blake’s Resort, will be removed.  For further details on the utility relocations see Section 9-6.3. 

9-2.5.13 Other facilities to meet project goals 

No other facilities are required in order to meet project goals. (Not applicable.) 

9-2.5.14 Instrumentation and monitoring 

A combination of field surveys and aerial photographs will be used to document biological and physical 
changes to the landscape. Monitoring data can be used to refine adaptive management and corrective 
measures, as needed. Some of the key monitoring needs and opportunities are summarized in the 
Feasibility Study. 

9-2.6 Coastal Studies 
The North Fork Skagit River Delta site is located along the North Fork of the Skagit River, approximately 
3 miles upstream of the delta shoreline, and is only subjected to wind waves caused by local winds. 
Measurements at the nearby Whidbey Naval Air Station (Figure 9-2-4) show that the maximum wind 
speeds come from the southeasterly direction and rarely exceed 40 miles per hour. This could result in 
wave heights of 4 feet with a period of 4 seconds at the river delta shoreline; however, these waves would 
likely be attenuated by the time they reached the site. It is unlikely that wind waves are a significant 
forcing mechanism at this site. This site is chiefly dominated by diurnal tidal flows with periodic flooding 
from the North Fork Skagit River. The influence of wind wave activity, storm surge and wave setup will be 
evaluated  during PED.  
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Figure 9-2-4. Wind Rose for Whidbey Naval Air Station 

Plans formulated during the conceptual design phase for The North Fork site are based on a MHHW tidal 
datum of 8.84 feet (NAVD88). This datum is from the tide gauge at La Conner, Swinomish Slough (NOAA 
Gauge 9448558). Major tidal datums are summarized in Table 9-2-6. The final design tidal datums will be 
reviewed and established in PED. 

 

Table 9-2-4. Major tidal datums for The North Fork Skagit River Delta site, La Conner, 
Swinomish Slough (Station 9448558) 

Datum Description  
Water 

Level   (ft, 
NAVD88) 

Mean Higher-High Water (MHHW) 8.84 
Mean High Water (MHW) 7.92 

Mean Tide level (MTL) 4.55 
Mean Sea Level (MSL) 4.45 

National Geodetic Vertical Datum of 1929 (NGVD29) 3.79 
Mean Diurnal Tide Level (DTL) 3.67 

Mean Low Water (MLW) 1.19 
North American Vertical Datum of 1988 (NAVD88) 0 

Mean Lower Low Water (MLLW) -1.51 

A summary table for the anticipated coastal studies at this site is presented in Section 9-21. 
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9-2.6.1 Design of coastal shore protection projects (ER 1110-2-1407) 

This site does not include coastal shore protection. (Not applicable.) 

9-2.6.2 Effects on adjacent shores 

Downstream of the site, the shoreline transitions from tidal freshwater wetlands to estuarine wetlands 
and finally to a river delta shoreline. The restoration is not likely to significantly alter the salinity and 
sedimentation patterns around the river delta. The effects on adjacent shores will be evaluated during 
PED.  

9-2.7 Navigation Projects 
The entrance to the federally maintained Swinomish Navigation Channel is located approximately 4 miles 
downstream of the site.   The project is not anticipated to have a significant impact on the navigation 
channel.  Any potential impacts will be evaluated during PED . 

9-3 SURVEYING, MAPPING, AND OTHER GEOSPATIAL DATA 
REQUIREMENTS  

This section describes surveying, mapping, and other geospatial data information to support preparation 
of the Feasibility Study and the Real Estate Plan (Appendix F of Feasibility Study). A brief outline of 
additional surveying and mapping required for subsequent design, plans and specifications, construction, 
and operations is also included. 

9-3.1 Surveying, Mapping, and Other Geospatial Data Information Used 
Geospatial data for the North Fork Skagit River Delta site were obtained primarily from remote sensing 
applications. No site-specific topographic, bathymetric, property, or utility surveys were conducted during 
the conceptual design phase. LiDAR, aerial imagery, and other geospatial data were used to delineate 
topographic features, determine surface elevations, and to estimate areas, volumes, lengths, and other 
dimensions of key features using CAD and/or ArcGIS. High-resolution LiDAR was obtained from the 
Puget Sound LiDAR Consortium (2005 LiDAR; 3m grid; State Plane projection in NAD83 [horizontal 
datum] and NAVD88 [vertical datum]; available at 
http://pugetsoundlidar.ess.washington.edu/lidardata/index.html). The Puget Sound Digital Elevation 
Model was used for combined bathymetry and topography of the Puget Sound lowland (Finlayson D.P., 
2005; University of Washington; State Plane projection in NAD83 [horizontal datum] and NAVD88 
[vertical datum]; available at http://www.ocean.washington.edu/data/pugetsound). Recent aerial 
photography (Aerials Express, 5/15/2009, 0.3m resolution, 2.45 m accuracy) was evaluated to determine 
recent site conditions. The conversion from Mean Lower Low Water (MLLW) to North American Vertical 
Datum (NAVD88) and to the NGVD29 datum was derived from the LaConner tide gauge (# 9448558).  

Information on land ownership was derived from the Washington Public Lands Database. Additional 
parcel data, including parcel boundaries, were obtained from the Skagit County assessors’ office (2010). 
Information on utilities, existing roadway geometry, and other site features was generally scaled off of 
aerial photographs because as-built drawings were not available. A site reconnaissance was performed in 
September 2010.  

Designers consulted the Nearshore Geodatabase for additional site context. The Nearshore Geodatabase is 
available from the Washington State Geospatial Data Archive at: 
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP. Metadata are provided in 
the Geospatial Methodology Used in the PSNERP Comprehensive Change Analysis of Puget Sound 
(Anchor QEA et al., 2009) (see Annex B). The geodatabase includes numerous datasets listed below: 

http://pugetsoundlidar.ess.washington.edu/lidardata/index.html
http://www.ocean.washington.edu/data/pugetsound
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP
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• Shoreline • Overwater structures 

• Bathymetry • Marinas 

• Digital Elevation Model (DEM) • Armoring 

• LiDAR (terrestrial) • Breakwaters/jetties 

• Oblique aerial imagery (from the Washington 
Coastal Atlas) 

• Groins 

• Hydrographic sheets  • Levees 

• Geology • Dams 

• Slope stability • Nearshore fill 

• Drift cells (net shore-drift) • Roads 

• Streams • Railroads 

• Impervious surfaces • Land cover 

Designers also consulted the University of Washington Puget Sound River History Project 19th Century 
Coast Survey Topographic Sheets (2009) for information on historical geomorphic conditions. Conceptual 
designs were intended to replicate historical conditions and remove stressors to nearshore processes to 
the extent practicable and feasible. As a result, these datasets informed the selection of restoration 
strategies and features. Designers created additional GIS data layers (point files, line files, and polygon 
files) to represent civil design features, such as areas of lowland excavation, to be depicted on the plan 
view drawings. Designers also created simple line drawings in CAD to represent typical sections and 
estimate quantity take-offs but did not do any surface modeling.  

9-3.1.1 Additional survey and mapping required 

Substantial additional information will be required at the preliminary and later design stages to refine the 
design assumptions, confirm real estate requirements, and develop plans and specifications. Additional 
survey, mapping, and other geospatial data needs include the following: 

• Property/Utility Survey – May not be required since the site is owned by WDFW with no utilities.  

• Topographic/Bathymetric Survey – The conceptual design was based on LiDAR and aerial 
photos, which have inherent inaccuracies. Site-specific topographic and bathymetric survey data 
will be needed to refine design of key elements, confirm that target elevations are appropriate for 
the desired ecosystem components (low marsh, etc.), and develop detailed construction and 
demolition plans. Survey data could also be used as a baseline for pre- and post-construction 
modeling, including hydrodynamic modeling. A temporary tide gauge may be required in the 
early design stages to obtain site-specific tidal statistics.  

9-3.1.2 Timeline for incorporation of new mapping or other geospatial data 

Planning, design, and implementation are expected to take several years. The site-specific surveys 
identified above are standard components of the design process and should be completed in the early 
stages of PED to ensure that the design work proceeds efficiently. Incorporating these data into the design 
process is not expected to delay the restoration. 

9-4 GEOTECHNICAL  
This section describes the geologic setting of the site, previous and recommended studies, and proposed 
geotechnical explorations relevant to design features. 
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9-4.1 Geotechnical Information 

9-4.1.1 Regional and Site Geology 

Regional geologic mapping from the Washington State Department of Natural Resources (DNR) indicates 
the site is composed of nearshore deposits (Qn) and Skagit River alluvium (Qas) from the Holocene age 
(2004 Geologic Map of the Utsalady and Conway 7.5-minute Quadrangles, Skagit, Snohomish, and Island 
Counties, Washington). The nearshore deposits are commonly soft, gray to olive gray sand and silty sand 
with occasional lenses of organic material. The Skagit River alluvium consists of flood overbank deposits 
of grayish brown to gray sand, fine sandy silt, silt, and silty clay with minor peat. The geologic map is 
shown in Figure 8-4-1. 

The North Fork of the Skagit River was glaciated during the Vashon ice event about 15,000 years ago. 
Once the glacier retreated, the river built a broad alluvial plain. Icewater melt and flooding helped to 
deposit sediments in the forming delta and estuary. After the retreat of the glacier, the surface geology has 
been under the influence of both tidal action and flooding by the river.  

 

 
Figure 8-4-1. Geologic Map of North Fork Skagit River Delta 

Near-surface soils mapped in the Soil Survey of Skagit County, Washington, consist of Skagit silt loam, 
Sumas silt loam, Mt. Vernon very fine sandy loam, and Briscot fine sandy loam (NRCS, 2012). Skagit silt 
loam is observed in floodplains and deltas and is described as silt and fine sand deriving from alluvium 
and volcanic ash. Sumas silt loam is observed in floodplains and deltas and is described as silt deriving 
from alluvium. Mt. Vernon very fine sandy loam is observed in floodplains and is described as ashy fine 
sand deriving from alluvium and volcanic. Briscot fine sandy loam is observed in floodplains and is 
described as fine sand and silt deriving from alluvium. 

According to the Washington State Department of Ecology (Ecology) website, a boring was conducted 
nearby (400 feet to the east) in August 1994 (Ecology, 2012). The boring was drilled to a depth of 42 feet 
with groundwater observed at 8 feet. The log recorded brown clay and silt from surface to 8 feet, gray 
sand with brown silt from 8 to 27 feet, and dark gray clay and silt from 27 feet to bottom of hole. 
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9-4.1.2 Completed explorations 

At this time no subsurface explorations have been completed for this site. All subsurface information is 
based on soil surveys, geologic mapping, and available logs from Ecology. See Section 8-4.3 for the 
proposed subsurface exploration plan. 

9-4.1.3 Selection of preliminary design parameters 

Based upon research of soils and geology, subsurface soils on the site likely consist mostly of silts, clayey 
silts, and sandy silt. There are no plans to construct new structures. Therefore, no preliminary design 
parameters have been developed for this report. Soil parameters will need to be developed for the 
proposed setback levee once a suitable borrow source has been identified. 

9-4.1.4 Geophysical investigations 

No geophysical investigations have been conducted or are recommended. (Not applicable.) 

9-4.1.5 Groundwater studies 

No groundwater studies have been conducted. Groundwater elevation depends on flows from the Skagit 
River and the water surface elevation of Puget Sound. Piezometers may be  installed prior to construction 
to determine groundwater conditions. 

9-4.1.6 Recommended instrumentation 

Recommended instrumentation includes piezometers, inclinometers, and settlement plates. The setback 
levee is to be constructed on soft soils, sensitive to moisture conditions. Groundwater may have a 
significant impact on the strength and stability of the soils. Inclinometers will aid in monitoring 
horizontal displacements and provide indication of deep seated bearing capacity failures if they develop. 
In addition, significant settlement is anticipated. Settlement plates allow for vertical settlement 
monitoring during and after construction.  

9-4.1.7 Earthquake studies  

No earthquake studies have been conducted or are recommended. There are no proposed structures or 
features requiring seismic design. (Not applicable.) 

Earthquake loadings are not normally considered in analyzing the stability of levees because of the low 
risk associated with an earthquake coinciding with periods of high water. Depending on the severity of the 
expected earthquake, the importance of the levee, and the duration of flood event, seismic analyses to 
determine stability and liquefaction susceptibility may be required. This is not anticipated for this site. 

9-4.1.8 Preliminary engineering analysis 

The proposed setback levee should be designed in accordance with USACE Engineering Manual 1110-2-
1913 Design and Construction of Levees. For levees constructed on soft subsurface conditions, stability 
and long-term settlement analyses are typically performed.  

9-4.1.9 Excavatability analysis 

Excavation will include removal of levees and reestablishment of a marsh channel network. No 
explorations or construction records were located, and therefore the levee embankment material is 
unknown. Based on soils and geology maps, the embankments likely consist of a combination of compact 
silt, clay, and sand. No bedrock or large boulders are anticipated; therefore, no blasting should be 
required. Majority of excavation will include the existing levee embankment composed of locally 
generated materials and native/agricultural soils within the proposed channels. Excavation of the levees 
and channels will likely be accomplished by excavator and/or bulldozer. 
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9-4.1.10 Anticipated construction techniques and limitations 

The presence of the existing levee allows for construction of the setback levee year-round. Construction 
equipment shall be able to access the site by road. Track-mounted bulldozers, excavators, and end dumps 
will likely be used to construct the setback levee. Excavators and bulldozers will be used to lower the 
existing levee. Excavation of the breaches and levee lowering should be scheduled to coincide with periods 
of low water.  

See Section 8-6 for additional construction notes. 

9-4.1.11 Potential borrow sources and disposal sites 

Material excavated to lower the existing levee and to excavate channels is unlikely to be suitable fill for 
construction of the proposed setback levee. Disposal soils from the existing levee will likely be used to 
create berms to support riparian corridors or stability berms and transition slopes for the proposed levee. 
Material will need to be imported for construction of the proposed setback levee and the borrow source 
for import fill will need to be identified during later stages of design. 

9-4.1.12 Potential sources of concrete and materials 

The procurement of concrete or materials is not anticipated. (Not applicable.) 

9-4.1.13 Suitability of concrete and materials 

If concrete and additional materials are required, their suitability will be evaluated at later stages of 
design or during construction. 

9-4.2 Additional Studies and Analysis 
Additional studies and analysis to be completed during PED or subsequent phases of design include the 
following at a minimum: 

• Geotechnical investigation including subsurface explorations, testing, and field reconnaissance 

• Levee Design: stability, settlement, and seepage analysis 

9-4.3 Additional Explorations and Testing 
The proposed subsurface exploration plan consists of test pits or site probing along the existing levee 
embankments, proposed levee alignment, and along the channel excavation areas. Explorations for the 
proposed levee should be conducted in accordance with Engineering Manual 1110-2-1913. This will 
include a combination of test pits and borings along the levee alignment. Depth of borings and test pits for 
the levee should be a minimum of 10 feet and spaced approximately every 200 feet. Site probing in 
excavation areas will likely be less than 5 feet below the ground surface. Test pits will be accomplished 
with a backhoe or small excavator, and site probing uses manually operated small augers. The 
recommended boring method is mud rotary.  

Sampling in the soil borings will be accomplished using standard penetration test (SPT) with samples 
taken typically every 2.5 feet for the top 25 feet and every 5 feet for the rest of the boring depth. Proposed 
soil lab testing will include moisture content, grain size analysis, and percent finer than #200 sieve. 
Atterberg limits and consolidation tests are recommended for cohesive soils, and unconfined compressive 
strength test for rock cores. Piezocone penetrometer (CPTu) or cone penetrometer tests (CPT) are also 
recommended due to the anticipated soft soils present within the site. 

The subsurface exploration plan will be reevaluated and coordinated with hazardous and toxic material 
investigations during PED to include chemical sampling and testing (See Section 8-9).  

9-4.4 Laboratory-testing Program and Evaluations 
No laboratory testing or evaluation of materials has been completed at this time.  
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9-5 ENVIRONMENTAL ENGINEERING 
This section describes environmental engineering factors relevant to the proposed design features. 

9-5.1 Use of Environmentally Renewable Materials 
At the conceptual design stage, use of environmentally renewable materials is not planned. However, if 
renewable materials are available they could be incorporated into the design. Specific details will be 
developed during subsequent design stages. 

9-5.2 Design of Positive Environmental Attributes into the Project 
The North Fork Levee Setback site is selected to address riverine floodplain and tidal 

connectivity along the lower reach of the North Fork of the Skagit River. The proposed project 
would increase the amount of forested floodplain, emergent marsh and riverine wetlands by 
lowering the existing levee with breaches at selected locations along the north and south shore 
of the Skagit River. This restoration would restore riverine hydrological processes by providing 
additional wetlands adjacent to the river which have been lost due to historic diking actions. 
This will restore the connectivity of the North Fork Skagit River, reduce fragmentation along the 
channel, and remove buildings and associated hardscaped features.  

9-5.3 Inclusion of Environmentally Beneficial Operations and Management for 
the Project 

Design and construction will incorporate sustainable and ISO 14000 compliant practices. The U.S. Army 
Corps of Engineers (USACE) Environmental Operating Principles (EOPs) are designed to provide 
direction on achieving better stewardship of air, water, and land resources while showing the connection 
between managing those resources and protecting environmental health. The EOPs are to ensure that 
USACE actions consider the environment and are sustainable now and in the future. 

9-5.4 Beneficial Uses of Spoil or Other Project Refuse During Construction and 
Operation 
Material removed during lowering of the dikes would be reused on site for raising the 

landward side of the existing levee to create a forested floodplain berm 100 to 150 feet wide. If 
spoils or other refuse materials are available for reuse, they could be incorporated into the 
design. Specific details will be developed during subsequent design stages. 
 

9-5.5 Energy Savings Features of the Design 
At the conceptual design stage, energy savings features have not been incorporated. In accordance with 
the EOPs, energy savings features will be a component of the design to the maximum extent practicable. 

9-5.6 Maintenance of the Ecological Continuity in the Project with the 
Surrounding Area and Within the Region 
The project will increase ecological continuity in the project and with the surrounding 

area. This is one of several projects designed to restore the productivity and increase 
interconnectivity of the Puget Sound ecosystem. It is included in the Skagit Chinook Recovery 
Plan (2005). 
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9-5.7 Consideration of Indirect Environmental Costs and Benefits 
Indirect environmental costs and benefits will be evaluated during environmental assessments developed 
for each project at a later date. 

9-5.8 Integration of Environmental Sensitivity into All Aspects of the Project 
Construction will be conducted to ensure no deleterious impacts to the ecosystem will occur over the long 
term. Best management practices (BMPs) will be incorporated into the contract documents. Most BMPs 
will cover erosion and sediment control, stormwater management, spill response and hazardous material 
management, trash and debris management, air emissions from construction vehicles, and noise 
standards. 

9-5.9 The Perusal of the Environmental Review Guide for Operations (ERGO) 
with Respect to Environmental Problems That Have Become Evident at 
Similar Existing Projects and, Through Foresight During This Design 
Stage, Have Been Mitigated/Addressed in the Project Design 

This is not a USACE operating facility. (Not applicable.) 

9-5.10 Incorporation of Environmental Compliance Measures into the 
Project Design 

All applicable laws and regulations will be followed during design and construction in accordance with the 
USACE contract documentation.  

9-6 CIVIL DESIGN  
This section discusses the key elements of the civil design including the selection of the site and evaluation 
of alternative layouts, alignments, and components.  

9-6.1 Site Selection and Project Development 
Extensive diking of the North Fork Skagit River has caused substantial loss of estuarine 
connectivity. The proposed restoration would set back flood risk management levees on both 
sides of the North Fork, from the former inlet of Dry Slough to the western terminus of the levee 
system near Rawlins Road. The action seeks to restore natural levees and create additional 
emergent marsh and riverine wetlands. 

A brief description of the project is included in the Skagit Chinook Recovery Plan (SRSC and 
WDFW 2005). The plan lists this action as a project with a “long-term restoration horizon,” 
meaning that it is generally less well developed and has uncertainties that must be addressed 
before implementation. The same plan includes a number of other setback projects proposed 
along the North Fork at Thein Farm, Rawlins Road Levee, and Blake’s Bottleneck. A feasibility 
study of the Rawlins Road project has been conducted (Yang and Khangaonkar 2006). Given 
their geographical proximity, there is potential synergy between the North Fork levee setback 
and these other projects. The full restoration alternative presented here is a combination of the 
North Fork at Thein Farm, Rawlins Road Levee, and Blake’s Bottleneck projects.  

The "full" design alternative was not carried forward for this site.  The “full” design alternative included 
excavation of distributary channels and tidal channel networks, which are expected to occur naturally in 
the "partial" design alternative. See Chapters 4and 5 of the feasibility report.  
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Table 17-summarizes the key design elements associated with the proposed restoration. Annex 1 contains 
exhibits that depict the proposed restoration and quantity estimates for design elements. 

Site 17 - North Fork Skagit River Delta 
Key Design Elements 

Item Description of Item Approx. 
Quantity 

Lower Levees and 
Build Riparian Berm  

Excavate lowlands to lower 15,691 LF of existing levee 
to elevations similar to natural levees (13.5 FT MLLW, 
12 FT NAVD 88 on the inboard side of the site, 
sloping down to 10.5 FT MLLW, 9.0 FT NAVD 88 on 
the main channel bank);  
Excavated material to be placed landward of existing 
levee to create 15,130 LF of floodplain berm 
approximately 100 to 150 FT wide (width to be 
determined by amount of material available) with the 
exception of 10,260 CY that will be used to block 
existing distributary channel west of Browns Slough 
Road (described below) 

211,820 CY 

Excavate Breaches in 
Lowered Levee  

Excavate lowlands to breach lowered levee in 4 
locations. Breaches will be constructed to dimensions 
of 5th order channel; assume 50-foot wide benches at 
7 FT NAVD88 (8.5 FT MLLW) installed on either side 
of the breach.  At the end of the 50 FT bench, 10H:1V 
slopes extend up to between 9 .0 and 11.0 FT.  This 
section results in an excavation of 45 CY/LF (at 9.0 
FT NAVD88 top elevation) to 79 CY/LF (at 11.0 FT 
NAVD88 top elevation) 

29,720 CY 

Excavate Tidal 
Channel Network 

Excavate 19,617 LF of tidal channels and sidecast 
generated material adjacent to the channels to create 
low berms that will support a riparian corridor. 
Excavation includes: 
2,349 LF of second-order channel; assume 3 FT 
bottom width at elevation 2.0 FT, 3H:1V sideslopes, 
and average surface elevation of 6.5 FT 
6,953 LF of third-order channel; assume 3 FT bottom 
width at elevation 0.0 FT, 3H:1V sideslopes, and 
average surface elevation of 6.5 FT 
7,702 LF of fourth-order channel; assume 3 FT 
bottom width at elevation -2.0 FT, 3H:1V sideslopes, 
and average surface elevation of 6.5 FT 
2,613 LF of fifth-order channel; assume 3 FT bottom 
width at elevation -5.0 FT, 5H:1V sideslopes, and 

179,315 CY 
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Item Description of Item Approx. 
Quantity 

average surface elevation of 6.5 FT 

Block Distributary 
Channel 

Place excavated material from levee lowering to block 
distributary channel located 2,650 FT downstream of 
Best Road bridge; assume 158,240 SF area with an 
average depth of 1.75 FT 

10,260 CY 

Remove Shore 
Armor 

Remove 16,140LF of riprap armoring from existing 
levee (13,000 LF along south bank, 3,140 LF along 
north bank); assume entire length of levee is riprap 
composed of  average of 5 FT height and 3 FT wide, 
with a density of 1.5 ton/CY 

13,400 tons 

Remove Buildings Remove 17 buildings distributed throughout the 
project area including Blake’s Resort and along 
Rawlings Road within the proposed levee lowering 
footprint; approximate area calculated from GIS 

45,024 SF 

Remove Pavement 
and Boat Ramp at 
Blake’s Resort 

Remove pavement at Blake’s Resort; approximate 
area calculated from GIS 

139,906 SF 

Remove boat ramp; assume 100 FT x 300 FT  30,000 SF 

Remove Roads Remove pavement from roads in newly setback area 
between lowered levee and new flood risk 
management levee; approximate area calculated from 
GIS 

104,353 SF 

Build New Levee Construct new flood risk management levee along 
Rawlins Road, Browns Slough Road- Fir Island Rd, 
and Moore Road; assume 11,970 LF with average 
select fill of 40 CY/LF and typical surface elevations 
between 7.0 and 6.0 FT NAVD88 

478,800 CY 

Plant Vegetation Plant riparian vegetation along slopes of lowered 
natural levee and sidecast berms and along realigned 
levee on Rawlins Road, Brown’s Slough Road, and 
Moore Road; assume 100 FT wide along 15,691 LF of 
lowered levee and 11,970 LF of new levee  

62 AC 
(approx.) 

 

9-6.1.1 Basis of Design 

The proposed action will restore the riverine floodplain and tidal connectivity along the lower 
reach of the North Fork of the Skagit River. This will require constructing a new flood risk 
management levee further inland. The existing levee would be lowered and selectively breached 
to allow inundation of the estuarine emergent marsh and sustain back channel habitat. Forested 
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floodplain habitat would be created along the lowered levee adjacent to the mainstem river 
channel.  

The primary stressors are armored levees preventing deltaic estuarine processes from 
occurring. Hydraulic processes related to frequency and depth of inundation are eliminated. 
Similarly, geomorphic processes such as sedimentation, channel alvusion and channel 
migration are prevented. This, combined with agricultural practices, has resulted in 
significant subsidence (2 to 4 feet) of the former emergent marsh/scrub- shrub habitat. 
Breaching and lowering of the levees to suitable elevations is intended to restore combined 
tidal/freshwater (low salinity) hydrology to support channel formation, emergent marsh, 
forested floodplains and scrub-shrub wetland community development. Specific process-
based restoration objectives to be achieved with this action include: (1) tidal channel 
formation and maintenance; (2) tidal flow; (3) distributary channel migration; (4) erosion 
and accretion of sediments; and (5) exchange of aquatic organisms. 

The action would create a continuous floodplain corridor along the length of the south bank 
of the North Fork, and an area of floodplain along the north bank of the North Fork (Figure 
24-3) by setting back the flood risk management levee. The project area includes the existing 
site footprint, the adjacent Rawlins Road setback project area, and Blake’s Resort – a total 
project area of 310 acres. These expanded floodplains would increase flood capacity along the 
North Fork, and potentially lower flood levels in the project vicinity and to some extent 
upstream of the project site. 

Inundation of Fir Island would be prevented by new flood risk management levees constructed 
along the southern edge of the site on the north side of Rawlins Road. The crest elevation of the 
new levees will be 21.5 feet MLLW (20 feet NAVD88 based on the La Conner tide gage), the 
same crest elevation as the levee it replaces. On the north side of 
the river, no new flood risk management levees are required as the setback area grades 
into rising land. 

The existing levees would be lowered to elevations similar to that of the natural levees (about 
13.5 feet MLLW, 12 feet NAVD88), which are formed during flood events and exist further 
downstream. This would restore the natural overtopping processes that occur during floods. 
Buildings, roads, utilities, and other hard structures/surfaces within the setback area, 
including Blake’s Resort, will be removed. The material excavated during the lowering of the 
crest of the levee would be placed on the landward side of the existing levee to create a forested 
floodplain berm 100 to 150 feet wide. The width of the berm will be determined by the amount 
of material available. The berm will be constructed up to a maximum elevation of about 13.5 
feet MLLW (12 feet NAVD88). 

Breaches through the lowered levees would allow unimpeded tidal inundation of the estuarine 
emergent marsh in the setback area. These breaches would be about 120 feet wide, with an 
additional 100 feet of the adjacent levee on either side lowered to 8.5 feet MLLW (7 feet 
NAVD88) to provide additional capacity at higher water levels. Channels running parallel to 
the mainstem river channel would drain the setback area through the breaches and create back 
channel habitat. Such habitat may take several decades to evolve unassisted. To accelerate their 
evolution, these breaches and channels will be excavated to equilibrium dimensions as 
described in the Applied Geomorphology Guidelines (an attachment to this engineering 
appendix). Excavating the channels will also reduce the possibility of channel migration and 
the erosion of the flood risk management levee. Channel top widths would vary between 30 
and 100 feet, with depths between 4 and 12 feet below existing grade. Approximately 20,000 
LF of channel would be excavated. Material generated by channel excavation will be sidecast to 
increase heterogeneity of the setback area, help establish forested floodplain, and reduce 
handling and hauling costs. 
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Since 1860, land development on the delta has removed a large proportion of the estuary from 
the landscape, fundamentally altering the geomorphic processes that form and sustain delta 
ecosystems. The diking of distributary channels has had a significant 
impact on estuarine wetlands and tidal channels in the delta (Collins 1998). The 1886 
topographic sheet (T-sheet) already showed extensive diking on the North Fork and on Fir 
Island.   Post-restoration site conditions are intended to resemble or replicate the historical morphology 
to the extent feasible. 

 

 
 

Figure 9-6-1. Historic Map (T-Sheet) and River History Project Data 

9-6.1.2 Constructability 

The present leveed nature of the site would allow for construction of the tidal channel network 
and the new levee year-round. The new levee would be constructed first with imported material. 
The new flood risk management levee and upper portions of the tidal channel network could be 
constructed primarily with upland equipment, including scrapers and end dumps. Excavators 
may be needed to create portions of the tidal channel network due to high groundwater levels. 

Following construction of the new flood risk management levee, the existing levee adjacent to 
the North Fork may be lowered and widened primarily with upland equipment, provided this 
work occurs during the dry season. Breaches would require work with excavators. 

Final levee lowering and breaching should be coordinated, including a plan for access as tidal 
waters enter the site. 

It is assumed that construction access will likely be brought onsite by land, but further evaluation will be 
needed in succeeding stages of design.See Section 9-10 for additional information on construction 
procedures and Section 9-20 for the anticipated schedule for construction.  

9-6.2 Real Estate 
Real estate assumptions, valuations, and planning documents have been appropriately scaled for the 
current level of design. As additional surveys, modeling, and design are completed during PED, the real 
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estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, Appendix F, Real Estate Plan. 

9-6.3 Relocations 
This action would require acquisition of several privately owned properties. Numerous buildings 
located along Rawlins Road would need to be removed. Blake’s Resort and six buildings would 
need to be removed. Potentially sanitary sewer septic related to the existing buildings may 
require removal. Associated with the removal and reconstruction of Rawlins Road, Browns 
Slough Road, and Moore Road on top of the proposed flood risk management levees is the 
relocations of buried utilities and overhead power.  

Table 4-6-1. Facility / Utility Relocations 

Facility / Utility Activity Subsequent Design 

Overhead power 
distribution and 
transmission lines 

Relocate approximately 
13,500 LF to follow the new 
roadway alignment  
 

Coordinate with utility 
owner on relocation design 
effort, and phasing of work.  

Fiber Optic   Determine locations and 
assess removal or relocation 
if applicable 

Coordinate with utility 
owner on relocation design 
effort, and phasing of work.  

Gas lines Determine locations and 
assess removal or relocation 
if applicable 

Coordinate with utility 
owner on relocation design 
effort, and phasing of work. 

Sanitary sewer septic  
systems 

Determine locations and 
assess removal or relocation 
if applicable 

Septic systems will be 
analyzed during PED.  

Water well Determine locations and 
assess protection or removal 
/ relocation if applicable. 

Need for decommissioning 
analyzed during PED. 

9-7 STRUCTURAL REQUIREMENTS 
This section discusses the structural elements of the proposed restoration including preliminary design 
requirements and criteria for bridges or roads, a description of major structures and construction 
considerations, and recommended analyses. 

9-7.1 Functional Design Requirements and Technical Design Criteria  
No new bridges or structures are planned as part of this restoration. (Not applicable.) 

9-7.2 Survey, Hydrologic, Hydraulic, and Geotechnical Data Used  
No new bridges or structures are planned as part of this restoration. (Not applicable.) 
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9-7.3 Site Selection Studies 
The site selection is summarized in Section 9-6. 

9-7.4 Major Structures 
No new bridges or structures are planned as part of this restoration. (Not applicable.) 

9-7.5 Describe Evaluation and Selection Of Substructure Alternatives Based 
On Economy and Performance 

No bridges or structures are planned as part of this restoration. (Not applicable.) 

9-7.6 Construction Considerations 
No new bridges or structures are planned as part of this restoration.  

9-7.7 Stability Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

9-7.8 Stress Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

9-7.9 Thermal Stress Analyses 
No bridges or structures are planned as part of this restoration. (Not applicable.) 

9-7.10 Other Analyses 
Not applicable. 

9-7.11 Additional Studies, Tests, Analyses 
Additional investigation and studies may be needed for permitting or other site requirements unrelated to 
the infrastructure. See Section 9-21 for a complete list of recommended additional studies and 
investigations. 

9-8 ELECTRICAL AND MECHANICAL REQUIREMENTS 
Electrical and mechanical structure requirements are not applicable to this site.  

9-9 HAZARDOUS AND TOXIC MATERIALS  
Civil work projects characterize HTRW according to ER 1165-2-132. It defines HTRW as “HTRW 
includes any material listed as a "hazardous substance" under the Comprehensive Environmental 
Response, Compensation and Liability Act, 42 U.S.C. 9601 et seq (CERCLA). (See 42 U.S.C. 9601(14). 
If a contamination at a site is the result an uncontrolled release it meets the definition of HTRW. If the 
material is used for its intended purpose (application of pesticides IAW labeled directions) or released via 
a permitted structure (stormwater pipe), the contaminant would not be considered HTRW material. 
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An Environmental Site Assessment Level I survey was completed by the project sponsor in late 
October 2010 . The Phase I site visit did not visit all areas of the 555 acre property. Historic uses 
that might indicate potential hazardous substances or other environmental problems include a 
suspected former Skagit County garbage dump to the west of Brown’s Slough Road. It is 
unknown at this time what materials may have been placed in the landfill and the boundaries of 
the landfill are unknown. The Phase I survey noted the potential presence of several household, 
farm, and/or debris locations but they were not accessed during the site visit. The action area is 
currently owned by multiple landowners, and used primarily for agricultural purposes. Common 
chemicals associated with agricultural usages include pesticides and herbicides some persistent. The site 
currently has an active RV/resort and boat launch (proposed for removal Section 6.2.9 DEIS), 
transmission lines, and various roads.  Additional document searches may be conducted during 
PED if needed to clarify the boundaries of the suspected former Skagit County garbage dump 
located to the west of Brown’s Slough Road.  
A review of the Washington Department of Ecology Facility/Site (provides information on 
facilities and sites of environmental interest see figure below) and EPA EnviroFacts database 
was accessed on 13 May 2014. A facility which has been given a site ID may be associated with a 
permitted generator, stormwater discharge permit, or storage facility etc. ID numbers are not necessarily 
limited to those sites where a release occurred. If a release occurred and is under investigation, there is a 
possibility that the facility may be further investigated and then listed on the Confirmed and Suspected 
Contaminated site list or the Hazardous Sites list. 

The Ecology lists one site adjacent to the project boundaries, Rexville Grocery Deli which is a 
state cleanup site and leaking underground storage facility (FS ID 94147558). No additional 
information on the site is available on the web page. This facility is not on the Ecology 
Confirmed and Suspected Contaminated Site List for Skagit County (only lists sites that are 
undergoing cleanup or awaiting further investigation) nor the Hazardous Sites List (only lists 
sites that have been assessed and ranked - updated Feb 26, 2014). 

 



Engineering Appendix  Section 9 
North Fork Skagit River Delta   Page 27 

 

9-10 CONSTRUCTION PROCEDURES AND WATER CONTROL 
PLAN  

The proposed restoration will involve earthwork and exposure of bare ground during lowering and 
breaching of levees, and excavation of channels. At this stage of design, it is assumed that standard best 
management practices will be implemented to control erosion and sedimentation and ensure construction 
areas are stabilized as needed to prevent adverse impacts. A standard temporary erosion and sediment 
control plan will be developed during PED.  

The proposed restoration will not require in-water work during channel creation . For channel creation, 
work can be sequenced to avoid in-water work. Channel excavation will take place prior to breaching of 
the levees to reduce the likelihood of releasing sediments into downstream waters. Standard soil cover 
and stabilization practices will be implemented to stabilize the channels prior to introduction of water.  

Specific measures for construction procedures and water control will vary depending on the location and 
nature of the work associated with each site. State and federal resource agencies will impose specific 
timing restrictions on in-water work to protect fish and wildlife. In addition, specific measures may be 
required under site-specific permit requirements and to protect downstream infrastructure or built 
environments. The erosion and water quality control plan will also need to consider and incorporate the 
findings of future analyses for hazardous and toxic materials at the site (as described in Section 9-9). A 
complete description of best management practices will be determined during PED. 

9-11 INITIAL RESERVOIR FILLING AND SURVEILLANCE PLAN 
The proposal is for ecosystem restoration. (Not applicable.) 
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9-12 FLOOD EMERGENCY PLANS FOR AREAS DOWNSTREAM OF 
CORPS DAMS 

The proposal is for ecosystem restoration. (Not applicable.) 

9-13 ENVIRONMENTAL OBJECTIVE AND REQUIREMENTS  
All necessary information to develop designs, plans, and specifications, and to execute construction and 
operations is included in the Project's supporting documents including the U.S. Fish and Wildlife Service 
report titled "Strategic Restoration Conceptual Design - Preliminary Environmental Contaminant, 
Cultural Resource, and Endangered Species Site Evaluations." The environmental information developed 
for the analysis in the Environmental Impact Statement provides additional environmental objectives and 
requirements for final site design development. As summarized in Section 9- 6, Civil Design, substantial 
environmental information was developed for the Feasibility Study regarding environmental problems, 
opportunities, and constraints such that the Corps could estimate costs of the restoration sites and 
prepare the Real Estate Plan.. 

9-14 RESERVOIR CLEARING 
The proposal is for ecosystem restoration. (Not applicable.) 

9-15 OPERATION AND MAINTENANCE (O&M) 
Operations and maintenance costs for the Deepwater Slough resotration are related to modifying existing 
infrastructure such as lowering and removing levees. Overall, a reduction in average annual O&M costs is 
expected, estimated at $66,150 per year on average over the 50-year period of analysis. This net decrease 
in O&M costs is due to the removal of infrastructure. At the current level of site design, all O&M activities 
have not been identified. Additional assessment of O&M activities will be conducted during PED. 

9-15.1 33cfr Part 208 Projects 
The site is not a flood control project to be maintained and operated according to regulations in 33 CFR 
208. (Not applicable.) 

9-15.2 Channel or Basin Clean Out Projects 
The restoration does not include channel or basin cleanout activities. (Not applicable.) 

9-15.3 Multiple-Purpose, Complex Projects with Power Production 
No power production is proposed. (Not applicable.) 

9-15.4 Frequency and Cost Of Maintenance Dredging 
No maintenance dredging is proposed. (Not applicable.) 

9-16 ACCESS ROADS 
Temporary construction access roads will be needed to maximize the efficiency of earthwork operations 
and haul unsuitable materials offsite. It is assumed that construction access will likely be brought onsite 
by land, but further evaluation will be needed in succeeding stages of design. 
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9-17 CORROSION MITIGATION 
No new construction is proposed. (Not applicable.)  

9-18 PROJECT SECURITY 
The proposal is for ecosystem restoration. (Not applicable.) 

9-19 COST ESTIMATES 
The North Fork Skagit River Delta cost estimate of $102,336,000 (1Q FY2015 dollars) consists of costs to 
setback levees along the North Fork of the Skagit River. Other minor work includes channel creation, 
demolition of existing structures, and plantings.  

The largest cost drivers are the setback levees. Other substantial cost drivers include channel 
construction, the riparian planting along all the lowered dikes, and the demolition of existing structures.   

Following a formal cost and schedule risks analysis meeting held on June 16, 2014, a contingency of 39% 
was developed. The largest cost risk was the potential for construction modifications due to unexpected 
site issues. Also, there is a likelihood that newly built levees will settle and will require additional material 
to maintain the required prism.  Schedule risks are entirely controlled by the potential for work to need to 
stop during the rainy seasons.  Additional mobilizations and lost time would be incurred because of this. 

There are non-cost related risks as well.  There could be either erosion or sedimentation in excavated 
channels during river flooding.  Channels will need to be watched following construction as part of the 
overall monitoring plan 

Opportunities to reduce the project cost include a potential for reductions material prices. In addition, 
utilities could be less extensive than anticipated which would lead to schedule reductions.  

9-20 SCHEDULE FOR DESIGN AND CONSTRUCTION  
The proposed restoration at North Fork Skagit River Delta is considered to be relatively straightforward. 
Based on the low level of complexity, the anticipated design period for the site is approximately 2 years. 
This includes preparation of final design, plans and specifications, and the construction contract. 

The anticipated construction period for removal of the levees and construction of breaches is 7 months. 
Any in-water construction activities will take place during established work windows. The existing levees 
adjacent to Freshwater Slough and Deepwater Slough may be lowered primarily with upland equipment, 
provided this work occurs during the dry season. The present leveed nature of the site would allow for 
construction of the distributary channel network within the islands year-round. Construction would have 
to be sequenced with interior marsh work first, breaches and levee lowering last. 

Property acquisition and permitting timelines are not included in this duration. The time required to 
complete these upfront activities is unknown, but is assumed to be relative to the length of the anticipated 
design period for the site as described above. 

9-21 SPECIAL STUDIES  
Table 9-21-1 summarizes recommended studies and additional investigations to be conducted at the site 
to support subsequent stages of design and implementation. Unless otherwise noted, these studies are 
recommended to take place during PED. 
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Table 9-21-1. Special Studies Recommended for the North Fork Skagit River Delta Site 

Type Basic Requirements 

Property 
Investigation/Survey 

• Compile more detailed information on parcel ownership and property 
boundaries to finalize the design, confirm acquisition requirements, 
and support negotiations with property owners. 

Topographic/Bathymetric 
Survey 

• Complete site-specific topographic and bathymetric surveys to refine 
design of key elements, confirm that target elevations are appropriate 
for the desired ecosystem components (low marsh, etc.), develop 
detailed construction and demolition plans, and provide a baseline for 
pre- and post-construction modeling, including hydrodynamic 
modeling.  

• If needed, install a temporary tide gauge in the early design stages to 
obtain site-specific tidal statistics. 

Hydraulic 
Analysis/Modeling 

• Implement a revised hydraulic model for the Skagit River reflecting 
the proposed geometry and the levee setback to predict the with-
project water surface profiles and confirm the extent and nature of 
hydraulic effects from the project.  

• Combine review of aerial photographs with field surveys to quantify 
channel topology and hydraulic roughness and inform geomorphic 
evaluation under restored conditions. 

• Assess hydraulics at setback levee and effects of increased tidal prism 
to optimize levee design and quantify effects on adjacent shores. 

• Formulate a monitoring plan, including any required field surveys or 
instrumentation that will be used to evaluate the project’s hydraulic 
performance. 

• Evaluate changes in salinity and flow patterns within, adjacent to and 
downstream of the site, if required. 

Sedimentation Analysis • Analyze potential channel infilling and evolution of interior channels 
to determine long-term stability of the site. 

• Design erosion control and slope protection for the setback levee. 
Assess whether erosion control or slope protection is needed in or 
adjacent to the site because of flow changes caused by the restoration. 

• Evaluate temporary increases in sedimentation downstream of the 
site during the formation of any new distributary channels.  

Coastal Engineering Studies  • Refine sea level projections using localized tide gauge data.  
• Conduct wind direction and run-up analyses. 

Geotechnical Investigation 

 
• Complete a standard investigation to include subsurface explorations, 

testing, and field reconnaissance. 
• Analyze dike design stability, settlement, and seepage.  

Excavated Materials Study • Evaluate the suitability of excavated materials for reuse.  

Utility Survey • Compile more detailed information on utilities to finalize the design 
and confirm acquisition requirements. 

Phase II Environmental Site 
Assessment 

• Complete a standard study to assess historic fills and soil sampling for 
contaminants. 

Cultural Resources 
Investigation  

• Complete surveys for archaeological and historic resources, 
particularly in areas proposed for excavation.  
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Type Basic Requirements 

Cost Study • Assess potential for cost and schedule reductions during refinement 
of restoration design. 

Environmental Permitting  • Complete documentation and applications for environmental permits 
with federal and state agencies. 

9-22 DATA MANAGEMENT 
Project documents, background materials, and digital files from the local sponsors were provided to the 
project team directly, through the State’s Habitat Work Schedule, or via the Nearshore Portal. The project 
team also used databases previously developed by and for the Puget Sound Nearshore Ecosystem 
Restoration Project including the Change Analysis and backing geospatial data (see Section 9-3.1.1 for 
additional detail). 

Work products for the conceptual restoration designs were developed primarily in GIS and typical word 
processor and spreadsheet applications. GIS products for all action areas were collected in a single 
geodatabase that captured spatially referenced locations and sizes of major design elements.  

9-23 USE OF METRIC SYSTEM MEASUREMENTS 
This report uses United States customary units for design and construction measurements. To remain 
consistent with work conducted to date, the metric system of measurement was not used.  
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Federal Emergency Management Agency (FEMA). 1985. Flood Insurance Rate Map. Skagit County 
(Unincorporated areas), Washington. Panel Number 530151 0425C. 

Federal Emergency Management Agency (FEMA). 2009. Flood Insurance Study. Skagit County, 
Washington and Incorporated Areas. Flood Insurance Study Number 53057CV000A. 

Natural Resource Conservation Service (NRCS). Web Soil Survey.  Available on line at:  
http://websoilsurvey.nrcs.usda.gov/. Accessed July 2012.   

Soil Survey of Skagit County, Washington. 

U.S. Army Corps of Engineers (USACE). 2013. Incorporating Sea Level Change in Civil Works Programs.  
Engineering Regulation No. 1100-2-8162.  December, 2013. 

Yang, Z. and T. Khangaonkar, 2006, Hydrologic and Hydrodynamic Modeling of Skagit River Estuary - 
Rawlins Road Restoration Feasibility Study, Prepared by Battelle for the Skagit Watershed 
Council. 
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ANNEX 1: EXHIBITS 
This annex contains a set of site-specific exhibits prepared for the proposed restoration. The exhibits 
include:  
 
Exhibit A – Conceptual Design Plan 

Exhibit B – Conceptual Design Sections 

Exhibit C – Quantity Estimates 

 



Engineering Appendix  Section 9 
North Fork Skagit River Delta   Page 33 

SOURCE: Washington Ptblic lands Database (2006): WastWlgton Co.nies Parcels (2009); Action 
Alea {PSNERP, 2010) ScMce Layer Crcdlls: S<uce: Eso. Digca!Giobc, GooEyo, r-o .1bed, USDA. 
USGS, AEX. Gctmap!»lg. ACfognd. IGN. IGP, swisstopo, and tho GIS User Commr.-.~y 

Lead Contractor: ESA 
Design Lead: ESA PWA 
Date: 6/201 3 

Dredging - Bucket - Land 

-- Proposed Tide MHHW 

---· Existing Tide MHHW 

-··- Channel Rehab/Creation 

NORTH FORK SKAGIT CONVERSION 

0.00 FT MHHW "'8.84 FT NAVD88 
-8.84 FT MHHW • 0.00 FT NAVD88 
0.00 FT MLLW" -1 .51 FT NAV088 
1.51 FT MLLW z 0.00 FT NAV088 

Source: L8Conner, SWinOmiSh Tide Gauge 
(NOS #9448558) 

Site Name: North Fork Skagit River Delta 
Conceptual Design Plan 

Exhibit 17A 



Engineering Appendix  Section 9 
North Fork Skagit River Delta   Page 34 

'Pttiir SOO!<D 
N'IA.asuou ---

VARIES 50' 

" 

..• .... ''"' 
A lYI'ICAL SECTION · BREACH AND 5TH ORDER CHANNEL 

.I 

- SIOECAST MATERW..AAOM 
Ct'.AHNEt EXO\VATJOH TO 
CONSlRUCT RIPARIAN SERM 

- 1!1' T020' -

a:LV~Jo8!U~~Z--.. ~· __ s 

...$ •l'O "100 ., «) ... "l'tl .. ..:.0 -40 ...,., ..20 ~ 1() - 0 - ,.10 

~AI.DlST»iCIE(fl') 

e TYPICAL CHANNEl SECTION- 2ND, 3RD. AND 4TH ORDER (SHOWN) 

EXCAVATE EX DIKE 
M D CREATE RIPARIAN BERM 

SYM 

62' 

E~EV. ~ 

EXCAVATE NfW CHANNEL 
' 1K ORDER 9 CYU' 
lAD OROEf(; 6,-' CYtlf-
2NO ORDER: 2.7 CYILF 

.. .. .. 

- 3' 

,. 

"' 

EXCAVATE BREACH 
46 TO 79 CY/lF (5T>I ORDER 
CHANNEl. 25.3 CVII.F) 

\ 

., 

ELEV 9' t4 CYl\.F I :~~~~,:CT 
V~IN FIELO ----VAAiiSI!JIIIH()IM.II---1--E-L-EY-.-12'-- V.vaiS~SHO'tli'frf) ------ TOELEV. 12'. TYP. 

-,, ,01020 
MATCH 
EXISTING 

l OWEREO DIKE, 
ElEV, VARIES 9' TO l :C 

,. 

APPROX. ElEV. 7' 

MATCH EX GRACE IN SITE 

"' "" 
,,. 

EXISTING GRADE: HATCH 

&EACH 

OTt-IER 

EXISTING 0RA0E 

"'' 
. .. 

PROPOSE'O GRADE AATai 

CUT l9REACH AND 
C11ANNa EXCAVAT10N) 

CVf (DIKE lOWERING 

Fl.!. 

NORTH FORK SKAGIT CONVERSION 

FIXEOOATUM TIOAlOATUM 

:::w 
o:--.ao~-m--..o--~----=i;t--.ii:i"~~--r-fo 20 lll ~ I!(J eo ~-.,~ 110 tm uo-uo-,!50 t.,a 

C TYPICAL SECTIO!j - OIK.E l OWERING AND RIPARIAN BERM """"""'"'- ""' """"IF1J 

lead Conttaccor: ESA 
Design lead: ESA PWA wlt11 I<PFF 
Date. 612013 

1tai0200' ----'------·------------MW\.UG"""' 
CONSTRUCT NEW OCI<E 

( 0 CYilf "' lO 

0 30 

1.51 
HAV0118 

MUW 

0.00 FT MI;HW • 8.84 FT HAVDM 
..JS,CW FT MHHW-.: 000 n NAV06a 
0.00 FT MUW = ·1.51 FT NAVDM 
~ 51 Fi MUW.: 0.00 FT NAVDM 

Sourr.e: LaConner. Sw.oom16h Tkle Gauge 
(NOS-,g4• !1M8! 

PUget Sound Nearst]Ofe Ecosy•tem R6ltonrlion Projed jPSNERP) ErQineanng Append!• 
USACE OI'RWII'Q f ile Number 0· 1+64 

SITE NAME: North Fork Skagit River Delta 
Conceptual Design Section 

Exhibit 176 



Engineering Appendix  Section 9 
North Fork Skagit River Delta   Page 35 

 

Restoration Qua11tl!Y Estlm:ate 

Silo N:~mo: rllentl Forlt~IJ91 P..iriiM o.o 
--~lei: 1~52-

D~t•: IR.bl\l"fY 1011 Rt\lf"d \'dtlaeltU!oek ..,:4lltc. lO .AJ"• 2?11 
By: l "'*'•• Rf'trl'-t .!u"• 3J1' 

~t!ittrPtdl f'ro.i~"ty.sACEBr~MtY~L~ ----
R~~DY: l o'Mr dUll~. exc.avate breachel't And Consjrutf dlannels lo deve lOP. r!J;I.arlao tld;lf NbilJit1 conslrud n ew ftood prolecllon dHce 
conctrue11on Porioa: 56 wook eonstrucuon pNnCI OVQf 2 or 3 sea.cons 

-· 
liUZA~ NID ACQ.U: f Cf CCinSD\ICion ~cthlldeS 

Mobkab- Tyo;:fal 
(£~~1Ml Pw-~11111 ~hofll'l~lJ F'"1!1i1t!ciloll 
~!kn·ltM!ote 

1(~.,-ntM\. PerK11nel Pl'llln~v rlnonc)cj) 

sileAc""n 
B.etoe ~ca.u 
T fnltrlr; ContrOl ON._OIInefCfiiOfl 

Cleilf'ln ana:-o!ll'or~oH • 
""' 

WOIIK 
I!X~~ 

E~o.Yfl.-,n • Lcwo.o'.lnd fd611 lnw.ti"')" 

&r~·-
KI!III· uneaoltrnllt:d b!m~ 

~lp!IU, mr'I'CMcl 

lm urll>tU'IIt 

Sdor:t_Fi, 

GI1!\'Cil BolfDIV ffldid !twl 
sano 1 Q'Jvtl flY s."' r~OioiJICI'IrM,. 
Cllbl* b She•• tfOI.JI\'.l:ltmMit 

1.$ 

lS 

IS 
1$ 

lS 

AC 
AC 
AC 
CY 
LS 
lS 

r,., 
LF, .SforCY 

-S~.,. (:t 

roo 
SF 

M!ln 

CY 

c' 
CY 

CV 
CY 
cv 
At 

CY 
CY 
cv 
CY 
CY 
CY 

CY 

CY 

CY 

CY 
CV 

"" CY 
C:f 

cv 

'"' 
t iA 

NA 

NA 
M.O 

NA 

Ofl •Vlli ~mill I rlftnn,_ion 
Td61 1 11111dreouiled_IW-6e~ 

E!>tmilte d l!in.ck C\tm:n' owtnl!d Pn:eornml l"i.e., Pl:bl! loub) 
Gl<m~~.e--.andt.,..lr.Ot•~e~T~Irl:flldlolrl •crtol. 'emef1-xlc:v! 

Use lb.· ~Peoill ttlu•IOI'Is ft.o. (lew b'•. t'l.w •"n& tco.tbl fof lbe PJI'OV...H or consuu''Oil 
II«GVI, .. d\lde Cie$:(f(OC)on 
Uf'-X11tle~hlrti!IJ IICCM'I. 

-,w ~'"e:~la•m cc~ro~ n:.!s.->; 

'J=t• "'o .mm a~ound 1"et~~· <o.~11; 
Flag~; llnd<;pofl.tn=•Sn•J*.=c-et"~llll!" 11 ~·~"' ..,,Ill ol.,lhlrl Ovt;crl~;ht dl!1'11111on or:tl~ •di•a>f 
Thl" t'rl t:.. a_b.ut ~"1. oflt!l-.dl ltllld"'11 coo..b. 

n e • .., tr _ttfll!'l't\t:l~-~9' IQOIIItt~_o_""'" ·~ _ba..~": _i'J, c.MC.tltmlltt 
t,tl.J~' ~O"l'INI:OOI' o t llf'IIIT.If"N"f ~~~~~~ ma!Jowey f7 byp:~n roedvt'~_, ef'd far ~<"t-hiid~ .-,d 
peontiob W'(el ll!rO!dJ or ll!VIJr.d-sltt 
U$etorapc;.r•lullllor!•t."-t•~~~·fh•r.'.:ltlu:•uuslfWP'I"-"OCweW aMI:CI 1t'Uca..~•s •11d 
bvp;w.~.,t~r 4.1.,...g c..6fl:ittUcttctl . IAII•):,ot.e ue:c-o 10!- m.llb \'ClMP'DJeCb· Oe~n~lt t~cd 
!""I!Jdio'!']DSII 'I"''I'!cilta !J;fl 
NetOScd.~O'IIiii«.SWdwO&-

<II ll*on O!f-allo o.nd dr- o-::eo UC:O lOt ~Ce- n<a~NU, d.:!-

'o/ IDIIm •o. e tec~a!lGdo~llp"kdJ JC! •'Odlor~u-'X'>O"'~. 

O.ml.m:lf•l (dtaoo••"d'*"~"""'-lh•rttllt-IIHI\ I"eiwlnwr.:.:c<Miool •m:~t~l or 

U111; • .,,. 111 "1>•'• Je it"'"~ 

45024 Rf!mov• f7bulftf n.w RawJo & RDid•rKt•~sothlll!ldftheli~" RH.Ort ,..,.. ,,..,. 
'""'" NA 
l 3f00 

NA 

NA 

'"' 30000 
20 

'" NA 

u~ itl•t It~ fat b'•a:.:Wa:er'- ~ttll·~ 90111\, ta lnbe'4dtlN:letoc.a :.~.net •"'/ slNctlla th.; 
rtQt.~ltN lfJ\11111 • CJ<Iprnlf!t .-:td pojjel t<t bret)l ~0 tr!d 0! r~~m~ 
Use.l~ ite~t• roo sl•uCWo-~lhdt •1MI ••-o•'•~(ll cl>•t~~ ..,,em--~~1 ~ · , 
fCII i~to 1od: «-MI.,!..d 110·~-; Ell~i 

E"WMttd 101H 300 l 

P@t' td .e<cav•liMWA:IIli @_Y tttMI"~ 

211820 Dik•tow. .. •o:..ssum•sc;.ap~ 1'2.060 l f\OI"'be"k- 3.090 tFnalf•b.l$ T~c•l •ck, 1• 
CV!lr • •~u~a~..-eio"' ~ ' ' , .,AVO fl8 ~ ll'!&fllbollld.'idf eflt"., .W~ sl.oc:i'!g ti:.W11 lo9 o l 
IIAWII1renltle ~.,cluftl'lll~ &sbf\S d;k• IC_gaflo.'•t~ .,..,.,_""<<id31w~20 1t tQP'IY!d!h, ~'~ 
1'A11, "'"'IIJ1.1 ~~,_,~_,.I tot=-~~ ~~.VC•f("f.lt t0160CYb "•~. ~po, eO"'Opld 

lldea'!I:JJ:IId.tekM. 

¢).12 21Mitlute!'·cti•M111..a1Ya)O', ·3 t ~-b!XIOM•Itii ..... UO'I Z.Oit:NAV088~QM 1V*Id•llf•CIO 

~ ;;'~~~~:m~~~::-~~a~~{~~~v~::h~;:;-f?~~w 
" ' "'' 01.-dt {11~ t1...,.111ion afl'i.!l fl) tatulling S-4 CYJLr: 01., G$5..'\ l F (iOm GIS) 

139318 lhOUWcfl•ln-'"'t"JI\'i!t<rn .. ~ t ~lbc!2Dl141 •••li0n•2,0 tNAVOS8t.~ll~ HltiOdOI::IriiQ 
m•tdl Ol•de (a~tiC"'toli® of!.E: fl) ;e!NII~JqB.D CVILF Wt • 7.702 t.F tlom G;~ 

GG109 5tto OtOor"'_,".,-tll~lOI'I• 3 t tat boaO'T'I•t .-valkln ·5,0 l t~AVO 88'1111! 9 -tiV.._.,oot:t to 
m .. <JI 0110~ !•WI'l:IM eii'JaiiO!\ o16.61'!l ~..-!rt0.2S,l f:Y/Lr ~ 2.til lF" trrom Ql~) 

NA 

•• 
NA 

'!9110 

' <02)10 

NA 
NA 

'lA 

478900 
NA 
Ni\ 
NA 

F.:IU brlllkl\ ID«SSO~ lode~ -fi ,O ft NAVOW. l:!t!u&.s U IXOOI d'!c.t~nd, wt!l60 L$ ·N!'Jel'l& 
a\IIV~o.! 7ftA.VCfjlt (eii),NO(I tlf 1Cf.:t tV <ld~ tOtJrtWIIII>'l\l,O lnd 1),0 fi!IQ *"'g d b fatMVal 

"-ki.Ml &II ortt•• blrll:1hd•n ori<\ -""«t'- 1~7 ~ kln\l •~«~tv 2) lF orffft 
lower m•th eleoyNi~ 61 !Jollie h!S~to;-ele...dlon m•lt h «nd 5S flret of ~h a daf ch•l"lflel, 
mVI!e:u~ frof-nGIS ~ bnlaM lht e ',gdW!_g :Sk• Md uc ln;o he ci1dlot)g m'i!n dlRMcl, 

~W-U re~~:ttr II.-'<" 
Sftl.,.lolen:nce O'in 

~~ .... 4l0r;:llllfl~tc.' 

:iti!IYM\ PI.IMOUQMef'O-

Tni$Kadi:t!f.o•<o t:.l1~ &..uvatlc:on 

~n~d .,II!.IUifi!WC.dW!Irlil\>fN@Oie'lfC..,;.mr/ .. Cig$ •~ .. C11.1dti.COITI4SII•f)lll9~ 
bl.tekl!l! 
lar. ltl:l be4(C:II'o'll;trd-.:ut~tlKut\oaiTtY. &C;"Q;mafiiMJ toae-.~'lbarm 
Mll14'rtlllCo btw.tJ~~.IfW.tld•n~QI:IIIC~~ofl 3dllod ma!JIIiiiJCoa•w.• ,- mtnbWm 
fAaltuiallu b• •Q!W ~lll .... lll!lilllo u••• f1Pol,..., boi'IJI 

(1!1\.,..,._ Ott .ndl«< ~ 

~lr6W.bla,.l!h•!'l'1•1 l6f4 lt.et d~J~mWeam er t:..K,P.OIId bo•dge.. ~l':'lt'' ~~~ af1 7&~ 
O"ta HifJ,:\40 s; (hfl1 CIS} 

~.7f11eQ~6 u~, "r su~cr; ~tuuf or u»>e eleevftotFe.ft!'l Me. QJn trse ll'1•s IOor ~_fn_g II)Oierul 

kll' 1\C&«Nif'll CCfiWOIIIMI 1tO!'fl03tCM Ill! 
SO,. prejlild~ IYr.y~I..-C:a!Y t p'~l 

kld.n:liU lil'c."'•Mr ~htwf lf'f:iol l t.WMnt r:7 In no!edi / de...:nbod 

N ...... O\•- IIflport-'l•.::I'NNI'ftlcwr&t111i70lF. -40CYI1.19"~a~t~a lw••o..u•t4!0.D ilNAVO 
88. 16t t<b~widlt,31-1.iVti~q,.,-m ft.w•)l£!billybo:!rn• •ttl.ltvdl-.•• iOO lo!nd!ti· tV"Iop.t 
to mac.d1 ~eel~ on ~· t~~~herd..side,- r.d 10to20-t:t V ~17om •ln'eticr'l 12.,0 ruo matdl pede 
on. the te:tombOn al6o <I. tbo ~e. 

WSOOTc&ani331t! lhln'l 
s I• . Olrla,.,., NCUU'..O; toilllll ~._, w:~ur.;a 

" OK:I~ t.vtra¥ a!Ki osa-J~J rOQ~t:l•ml makii• l .cUrt• 



Engineering Appendix  Section 9 
North Fork Skagit River Delta   Page 36 

 

Quantity Estlm1rte 
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ANNEX 2: COST ESTIMATE DETAILS 
Cost estimate details include estimated costs, anticipated construction schedule, and risk 
register.  
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Print Date Wed 23 July 2014 

Eff. ~te6/'1212014 

labor ID NLS2012 EO ID: EP11 R08 

U.S. ATmy Corps of Engineers 

Projeot : North Fork Levee Setback 
PSNERP Feasibility Report 

North Fork levee Selbac)<; 
OBJECTIVE: Create tidal channels that will restore the area to a more nt!ltural condition. 

SELECTED AL TERNATIVE:This estim~te is for the Full Restoration Alternative. 
BASIS OF COSTS: Mil English Coslbook and assooit!lled librwies, vendor p(icing, t!lnd built crews. 

SCOP.E OF WORI~ Finel F~sibility Report 
ESTIMATE ClASS; Concep!uel, Level 4 

Originel Estimat: Daniel Lowry. PE. CCC (NWS) 
Revised Estimate: 0 !3nlel Lowry, PE, CCC (JIIWS\ 

&timt!lledby 

Designed by 
Prepared by 

Preparation Oe!e 
Effective Date of Pricing 

Estimated Construction Time 

NW8, Cost Engineering Section 

NWS, Design Brsnch 
Daniel Lowry, PE. 000 

G/12120 '14 
6/12/2014 

551 Days 

Thts report is not copyrighted. but the Information contained herein is For Official Use Only 

Ourreney in US doll !Irs 

Time 09:29:22 

Tille Page 

TRACES Mil Version 4 .2 
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Print Date Wed 23 July 2014 
Eff. Date 6/1212014 

Designed by 

NWS, Design Branch 

Estimated by 

NWS. Cost Engineering Section 

Prepared by 

Daniel Lowry, PE, CCC 

Direct Costs 

LaborCost 

EQCost 

MaUCost 

SubBidCost 

U.S. Army Corps of Engineers 
Project : North Fork Levee Setback 

PSNERP Feasibility Report 

Costbook CB12EB-b: Mil English Cost Book 2012-b 

Labor NLS2012: National Labor Library- Seattle 2012 

Time 09:29:22 

Library Properties Page i 

Design Document 

Document Date 

District 

Contact 

Budget Year 

UOM System 

Final Feasibility Report 

6/1212014 

Seattle 

John Dudgeon. Chief Cost Engineering 

2015 

Original 

Timeline/Currency 

Preparation Date 6/12/2014 

Escalation Date 6/12/2014 

Elf. Pricing Date 6/1212014 

Estimated Duration 551 Day(s) 

Currency 
Exchange Rate 

US dollars 

1.000000 

w.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable. In a non-union job the whole fringes are taxable. In a union job, the vacation pay fringes is It 
Labor Rates 

LaborCost1 

LaborCost2 

LaborCost3 

LaborCost4 

08 NORTHWEST 
Sales Tax 5.40 

Working Hours per Year 1,540 

Labor Adjustment Factor 1 .05 

Cost of Money 2.50 
Cost of Money Discount 25.00 
Tire Recap Cost Factor 1.50 

Tire Recap Wear Factor 1 .80 
Tire Repair Factor 0.15 

Equipment Cost Factor 1.00 

Standby Depreciation Factor 0.50 

Labor ID: NLS2012 EO ID: EP11 R08 

Equipment EP11R08: Mil Equipment 2011 Region 08 

Fuel 
Electricity 0.072 

Gas 
Diesel Off-Road 

Diesel On-Road 

3.670 

3.450 

3.990 

Currency in US dollars 

Shipping Rates 
Over 0 CWT 28.32 

Over240CWT 

Over300CWT 

Over400CWT 

Over500CWT 

26.60 

24.23 

22.06 

11.26 
Over 700 CWT 9.51 

Over 800 CWT 6.48 

TRACES Mil Version 4.2 



Engineering Appendix  Section 9 
North Fork Skagit River Delta   Page 40 

Print Dete Wed 23 July 2014 

Eff. Data6/1)2/Z01~ 

Labor 10 ; NLS2012 EO 10, EP11 ROB 

U.S. krrry Corps of Engineers 

Projeot : North Fork Levee Setback 
PSNERP FeealbilltY Report 

Currency in US dollars 

Time 09·29:22 

Library Propertiae Page II 

TRACES Mil Version 4.2 



Engineering Appendix  Section 9 
North Fork Skagit River Delta   Page 41 

Print Date Wed 23 July 2014 
Eff. Date 611212014 

Direct Cost Markups 

Productivity 

Overtime 

Standard 

Actual 

Day 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 

Sunday 

Sales Tax 

Mat/Cost 

Contractor Markups 

JOOH 

JOOH - Sub 

HOOH 

HOOH - Sub 

Profit 

Bond 

Excise Tax 

Owner Markups 

Escalation - F&W 

Escalation - Channels 

Escalation - Levees 

StartDate 
613012011 

StartDate 
613012011 

StartDate 

Days/Week 
500 

500 

OTFactor 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

2.00 

Labor ID: NLS2012 EQ ID: EP11 ROB 

U.S. Army Corps of Engineers 
Project : North Fork Levee Setback 

PSNERP Feasibility Report 

Category 
Productivity 

Overtime 

Hours/Shift 
8.00 

8.00 

TaxAdj 

Category 

JOOH 

JOOH 

HOOH 

HOOH 

Profit 

Bond 

Excise 

Category 

Escalation 

Startlndex 
123.31 

Escalation 

Startlndex 
150.06 

Escalation 

Startlndex 

Working 

Yes 

Yes 

Yes 

Yes 

Yes 

No 
No 

Shifts/Day 
1.00 

1.00 

End Date 
91112015 

EndDate 
91112015 

EndDate 

Currency in US dollars 

Method 

Productivity 

Overtime 

1st Shift 
8.00 

8.00 

2nd Shift 
0.00 

0.00 

OTPercent 

0.00 

Running % on Selected Costs 

Method 

Running % 

Running % 

Running % 

Running % 

Running % 

Running % 

Running % 

Method 

Escalation 

End Index 
114.39 

Escalation 

End Index 
802.91 

Escalation 

Endlndex 

Time 09:29:22 

Markup Properties Page iii 

3rdShift 
0.00 

0.00 

FCCM Percent 

0.00 

Escalation 
1.05 

Escalation 
1.05 

Escalation 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 
Eff. Date 6/12/2014 

Escalation - Cultural 

Contingency 

SIOH 

613012011 

StartDate 

613012011 

Labor ID: NLS2012 EQ ID: EP11 ROB 

757.99 

Escalation 

Startlndex 

741.91 

Contingency 

SIOH 

U.S. Army Corps of Engineers 
Project : North Fork Levee Setback 

PSNERP Feasibility Report 

91112015 

End Date 

911/2015 

Currency in US dollars 

Escalation 

Running % 

Running % 

811.45 

End Index 

794.24 

Time 09:29:22 

Markup Properties Page iv 

7.05 

Escalation 

7.05 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 U.S. Army Corps of Engineers Time 09:29:22 
Eff. Date 6/12/2014 Project : North Fork Levee Setback 

PSNERP Feasibility Report Project Cost Summary Page 1 

Descri tion Quantity UOM ContractCost Escalation Contingenc;r: SIOH ProjectCost 

Project Cost Summary 44,490,984 0 0 0 44,490,984 

North Fork 1.00 LS 44,490,984 0 0 0 44,490,984 

2,018,631.31 2,018,631.31 
Relocations 1.00 EA 2,078,631 0 0 0 2,078,631 

258,991.52 258,991.52 

Demo Utilities 1.00 EA 258,992 0 0 0 258,992 

1,819,639.85 1,819,639.85 
New Utilities 1.00 EA 1,819,640 0 0 0 1,819,640 

Fish and Wildlife Facilities 1.00 LS 8,873,128 0 0 0 8,873,128 

8,813, 128.22 8,813, 128.22 
Wildlife Facilities & Sanctuary 1.00 EA 8,873,128 0 0 0 8,873,128 

Channels and Canals 1.00 LS 1,617,087 0 0 0 1,617,087 

1, 617, 086.12 1,617,086.12 

Channels 1.00 EA 1,617,087 0 0 0 1,617,087 

Levees and Floodwalls 1.00 LS 31,836,362 0 0 0 31,836,362 

Levees 1.00 LS 31,836,362 0 0 0 31,836,362 

Cultural Resource Preservation 1.00 LS 85,776 0 0 0 85,776 

85,17581 85,11581 
Cultural Resource Preservation 1.00 EA 85,776 0 0 0 85,776 

Labor ID: NLS2012 EQ ID: EP11R08 Currency in US dollars TRACES Mil Version 4.2 
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A1000 Start 

A1010 Erosion Control 7 15-/>j>r-36 

A1020 Mob~e 10 01-Apr-36 

A1030 Clear and Grub 4 24-/>j>r-36 

A1040 Building Demo 49 30-Apr-36 

A1050 Demo Boat Ramp 19 Q8..Jul-36 

A1060 DemoPaVtng 78 30-Apr-36 

A1069 tnstan New Utilities 168 30-Apr-36 

A1070 OemoUt~ies 54 22-Dec-36 

A1080 Traflic Control 432 30-/>j>r-36 24-Dec-37 ---~ ----- ----- -- - --~--- ·wrai.::cootr~ 

A1090 New Levee 210 06-Mar-37 24-0ec-37 

A1100 Channel Creation 56 25-Dec-37 12- Mar-38 

A1101 Plantings 156 15-Mar-38 18-0ct-38 

A1110 Rerl"'CN'e levee 105 15-Mar-38 06-.A<Jg-38 

A1120 Breach Dike 13 09-.ALJg-38 25-.A<Jg-38 

A1130 DemobMze 10 19-0ct-38 01-Nov-38 

A1140 Finish 0 01-Nov-38 

- Ai:tuaiWork - Crl icaiRemainWlgWork ........ SUmmary 

c::::::::J Remalnilg Work • • Milestone 
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... ... Very c:: 
~ Like l y 
::s ... ... 

0 
L i k e ly 

0 

8 -= 
Unlike l y 

Very 
Unlike l y 

Low M o d e rat e 

Low M odera t e 

L ow L ow 

L ow 

Ptojeetlsveryltrgeandtlaslfsereleelements. Couldthlsbe 
bftten intosmalercontreds7 
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10-1 GENERAL – SPENCER ISLAND 
10-1.1 Overview of Restoration Site 
Spencer Island is located between Union and Steamboat Sloughs near Everett, in the Snohomish River 
Estuary at approximately river mile 3.8, within the Whidbey Subbasin of Puget Sound. Spencer Island was 
diked in the early 1900s for agricultural purposes and was used primarily for grazing. During this period, 
drainage practices and lack of tidal inundation resulted in up to 4 feet of subsidence. The island was 
purchased in 1989 by Snohomish County Parks and Recreation Department and the Washington 
Department of Fish and Wildlife (WDFW). WDFW owns the north portion of the island, managing the 
area for recreation, including waterfowl hunting. This ownership encompasses most of the proposed 
restoration site. The County manages the south half of the island for recreation. A series of designed 
breaches in the 1990s and the construction of a cross dike allowed tidal inundation to restore estuarine 
processes in the southern part of the island. In 2005, an accidental breach occurred in the northern part 
of the island, restoring muted tidal action to this area. Since those breaches occurred, many studies have 
highlighted the importance of removing dikes in estuary systems. Dike removal is intended to promote 
higher densities of tidal channels, increased edge complexity, alluvial sediment delivery and greater 
habitat diversity.  

The Spencer Island site is one of the nine sites selected to address River Delta restoration objectives to 
protect and restore freshwater input and tidal processes where major river floodplains meet marine 
waters. Target ecosystem processes include the following: 

• Tidal flow 

• Freshwater input (including alluvial sediment delivery) 

• Erosion and accretion of sediments 

• Distributary channel migration 

• Tidal channel formation and maintenance 

• Detritus recruitment and retention 

• Exchange of aquatic organisms 

The proposed restoration includes dike breaching and dike lowering to restore estuarine processes and 
seasonal riverine flooding to the interior of Spencer Island. Breaching and lowering of dikes to suitable 
elevations is intended to allow tidal freshwater (low salinity) hydrology to support channel formation and 
the development of a tidal forested wetland community. A restoration alternative that proposed the 
creation of an interior channel network through excavation and revegetation was considered but not 
selected for further analysis.  

Details of the restoration design are provided in Section 10-6 and shown on the exhibits provided in 
Annex 1. Figure 10-1-1 shows the Spencer Island site and vicinity.  
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Figure 10-1-1. Spencer Island and Vicinity 
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10-2 HYDROLOGY AND HYDRAULICS  
Spencer Island lies in the estuary of the Snohomish River. The Snohomish River drains a large watershed 
of over 1,750 square miles, terminating at the city of Everett on Possession Sound. Average annual 
precipitation for this watershed is 94 inches per year. The site lies between two distributary channels on 
the Snohomish River – Union and Steamboat Sloughs. There are a number of active or planned 
restoration sites in this vicinity including Smith Island and Union Slough to west. Upstream and to the 
south of Spencer Island, Everett Marshlands is also a site for the Puget Sound Nearshore Ecosystem 
Restoration Project. Figure 10-2-1 shows a map of the Snohomish River watershed. 

The entire Spencer Island site lies below the 100-year flood elevation. There is no vehicle access within the 
site and there are no known utilities. A bridge across Union Slough provides access to Spencer Island for 
maintenance of dike-top trails. The intent of the project is to increase the frequency of both tidal flow and 
riverine flooding into the uninhabited project area for the purpose of habitat restoration. No new levees 
are planned for this site.  

 

 
Figure 10-2-1. Spencer Island – Snohomish River Estuary watershed  

The hydraulics and hydrology for all restoration sites in the Puget Sound Nearshore Ecosystem 
Restoration Project were evaluated using an area of potential hydraulic effects specific to the construction 
requirements for each particular site. The limits of the area for this site were established using 100-year 
base flood elevations derived from a combination of Federal Emergency Management Agency (FEMA) 
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flood insurance rate maps and Flood Insurance Studies as well as U.S. Army Corps of Engineers (USACE) 
base flood elevation determinations. 

According to the 100-year base flood elevation as determined by FEMA for unincorporated areas of 
Snohomish County, 53061C 0720F and 53061C 1035F (revised 2005), the entire site lies well within the 
100-year floodplain and away from floodplain boundaries. Figure 10-2-2 shows the area of potential 
hydraulic effects for Spencer Island as identical with the required project lands. The base flood elevation 
varies between 17 feet (NAVD88) at the upstream limit of the site and 16 feet (NAVD88) downstream and 
depends primarily on flooding from the Snohomish River.  

This delineation of the area of potential hydraulic effects assumes that the planned lowering and 
breaching of dikes will not substantially affect levees or infrastructure on adjacent properties because of 
the depth of inundation and the relatively low energy losses (energy gradients) in this area during 
flooding. During Project Engineering and Design (PED), the current hydrodynamic model of the 
Snohomish River will be revised to reflect the changed geometry and to confirm the extent of hydraulic 
effects. The limits of the area of potential hydraulic effects do not incorporate the potential for sea level 
change but this potential is discussed in Section 12.2.1.9. 

 
Figure 10-2-2. Spencer Island: Area of potential hydraulic effects 

10-2.1 Functional Design Requirements 
This section describes the hydrologic and hydraulic setting for the site and the intended hydraulic 
consequences of the design features. 
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10-2.1.1 Consequences of flows exceeding discharge capacity of the project 

The purpose of this site is to restore natural tidal flow and sediment transport to Spencer Island, allowing 
the evolution of a tidal channel system. No aspects of the site involve water control, so there is no design 
discharge capacity to be evaluated. (Not applicable.) 

10-2.1.2 Project-induced changes obligating mitigation 

Mitigation, in the context of this site, applies to compensation of local stakeholders for any loss of 
function or detrimental project-induced changes. The breaching of dikes and the consequent natural 
development of a tidal channel network will allow increased tidal prism at the site. The work is likely to 
result in increased flows to the surrounding sloughs and redistribution of sediments impounded as result 
of diking and ditching. Properties across the slough channels and downstream of the site may experience 
some changes in flow patterns and sedimentation. Any sediment mobilized as a result of dike lowering 
and removal may have temporary effects on local ecology. The amount and potential areas of flow changes 
and sedimentation will be addressed during PED. 

10-2.1.3 Discharge-frequency relationships 

The predictions for river discharge for this area are taken from a FEMA Flood Insurance Study prepared 
for Snohomish County in 2005 (FEMA, 2005b). This study used the U.S. Geological Survey (USGS) gauge 
near Monroe (12150800) along with some historic records to model floods near the city of Snohomish and 
Everett. Estimates are shown in Table 10-2-1. A USACE Flood Frequency Analysis for the USGS gauge at 
Monroe (12150800) is also shown below (USACE, 2000).  

Table 10-2-1. Peak Discharge – Peak Discharge – Frequency predictions for Mainstem 
Snohomish River in the vicinity of Everett 

Method 
10-year 
(cfs) 

50-year 

(cfs) 

100-year 

(cfs) 

500-year 

(cfs) 

FEMA FIS, City 
of Snohomish 120,700 174,400 196,800 242,900 

USACE FFA 125,000 180,000 205,000 265,000 

10-2.1.4 0.2% chance of exceedance flood (500-year return interval flood) 

Flooding at Spencer Island is influenced by fluvial flows as well as by storm surge from Possession Sound. 
Since this site contains no critical infrastructure, the 500-year coastal flood level will not be evaluated. 
(Not applicable.) 

10-2.1.5 Stage-discharge relationships 

Current stage-discharge relationships are found in the FEMA Flood Insurance Study for Snohomish 
County (FEMA, 2005b). Table 10-2-2 shows the computed elevations of the Snohomish River near the 
confluence with Steamboat Slough. In order to forecast the new stage-discharge relationships, a revised 
hydraulic model will have to be implemented which reflects the proposed geometry. This will be 
addressed during PED. 
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Table 10-2-2. Stage-discharge relations as shown in FEMA  
Flood Insurance Study for Spencer Island 

Location 
10-yr Stage 

(feet 
NAVD88) 

50-yr Stage 

(feet 
NAVD88) 

100-yr Stage 

(feet 
NAVD88) 

500-yr Stage 

(feet 
NAVD88) 

Snohomish River Near Confluence 
with Steamboat Slough 

13.0 14.9 15.9 17.5 

10-2.1.6 Flow duration 

A flow duration analysis is not likely to be required at the site. (Not applicable.) 

10-2.1.7 Flood inundation boundaries and flood stage hydrographs 

Figure 10-2-3 shows the 100-year flood inundation boundaries from the Snohomish County FEMA Flood 
Insurance Rate Map (2005a). In order to forecast any changes in flooding pattern, a revised hydraulic 
model will have to be implemented which reflects the proposed geometry. This will be addressed during 
PED. 
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Figure 10-2-3. Current FEMA 100-year flood zone as adapted from Flood Insurance Rate 

Map (FIRM) 53061C -1035F (FEMA, 2005a) (elevations in NGVD29, NGVD29 + 3.69 = 
NAVD88) 

10-2.1.8 Reservoir yields 

No reservoirs are planned as part of this site. (Not applicable.) 

10-2.1.9 Risk and uncertainty analysis for sizing of the project under study 

Channel sizing 

Required channel size parameters were determined using the methods presented in the Applied 
Geomorphology Guidelines and Hierarchy of Openings (an attachment to this engineering appendix). 
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Table 10-2-3 shows the marsh area which can be used to determine required channel size. Table 10-2-4 
shows that the top width of the channel at Mean Higher High Water should be approximately 160 feet. 
The conceptual plan calls for multiple 140-foot-wide breaches in the dikes, which will allow full 
connectivity of the system. The maximum channel depth from Table 10-2-4 is 11 feet below Mean Higher 
High Water. Current plans call for a channel depth of 16 feet, which would allow for some infilling of the 
channels without impacting the site performance. Potential channel infilling and evolution of interior 
channels should be analyzed to determine long-term stability of the site. This will be addressed during 
PED. 

Table 10-2-3. Inputs used to determine channel sizing 

Component Marsh Area (acres) 

Anticipated Marsh Area 300 

Table 10-2-4. Channel parameters for tidal flow and combined tide and river flow 

Parameter Marsh Area 

Max Channel Depth Below MHHW (feet) 11 

Channel Top Width at MHHW (feet) 160 

Channel Cross-Sectional Area at MHHW (SF) 1050 

Sea Level Change  

Spencer Island is located in the North Central Sub-basin of Puget Sound and are calculated using the 
guidance under ER 1100-2-8162 Incorporating Sea Level Change in Civil Works Programs (USACE, 
2013). Sea level change calculations for this sub-basin are based on the Seattle tide gauge. Table 10-3-5 
shows the range of sea level change projections for the 50-year project life, indicating a maximum sea 
level change of 2.83feet in 50 years. The largest risk associated with sea level change at this site is the 
displacement of habitat upstream, with freshwater habitat becoming intertidal habitat and intertidal 
habitat becoming subtidal habitat. Tidal marshes can adapt to sea level change by building elevation to 
keep pace with the rising water levels, but this requires an adequate supply of sediment and/or organic 
matter accumulation. Future studies should include a sedimentation analysis to determine what impact 
the restoration will have on sedimentation rates and if there is sufficient sediment accumulation to keep 
pace with the projected sea level change.  

Table 10-2-5. Projected Sea Level Change (feet), Seattle (Gauge 9447130) 

Year Low  (feet) Intermediate 
(feet) High (feet) 

2020 0.21 0.28 0.5 

2030 0.28 0.41 0.81 

2040 0.35 0.56 1.21 

2050 0.43 0.73 1.67 

2060 0.5 0.91 2.21 

2070 0.57 1.11 2.83 
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10-2.1.10 Water quality conditions 

No water quality information has been reviewed for this site. The restoration is not anticipated to generate 
any long-term effects on surface water quality. Anticipated water quality effects are as follows: 

• Construction-related turbidity and suspension of sediments may occur due to dike lowering and 
breaching. At present, barge access is considered as an option for dike lowering and breaching. 
Barge navigation and positioning may suspend or erode bottom sediments in the slough. 
Sediment control will have to be carefully considered in the construction planning. 

• Temporary changes in sedimentation may occur downstream of the site because of the evolution 
of tidal channels within the site. . These effects, together with other sedimentation issues, should 
be evaluated during PED. 

• Dike breaching may increase salinity within the site due to the increased tidal prism. If needed, 
water quality sampling and analysis of water quality effects can take place during PED. 

10-2.1.11 Groundwater conditions 

No groundwater information has been reviewed for this site. No septic systems are known to be located 
within the restoration area. The lowering and breaching of dikes will allow an increased tidal prism within 
the site, which may be accompanied by saltwater intrusion. Since the goal of work at this site is to restore 
historic conditions, restoration of historic salinity patterns is presumed to be a desirable outcome. 

10-2.1.12 Preliminary project regulation plan 

No water control facilities are planned as part of this site. (Not applicable.) 

10-2.1.13 Preliminary Real Estate taking line elevations 

The current real estate limits are delineated by the construction area, staging areas, and access roads and 
include the entire potential area of hydraulic effects. Real estate assumptions, valuations, and planning 
documents have been appropriately scaled for the current level of design. As additional surveys, modeling, 
and design are completed during the PED phase, the real estate documentation will be modified 
accordingly. For the current real estate status, refer to the Feasibility Study, Appendix F, Real Estate Plan. 

10-2.1.14 Criteria for facility/utility relocations 

No known utilities cross the site. The island has a series of footpaths and diketop trails that run along the 
perimeter and cross the island. Dike lowering and breaching have been planned to minimally affect this 
pedestrian access. In order to maintain pedestrian and maintenance access on the west side of Spencer 
Island, the project will install a 180 foot wooden pedestrian bridge. 

10-2.1.15 Criteria for identification of flowage easements required for project function 

No flowage easements are anticipated for this site. This will be reviewed and confirmed during PED. 

10-2.1.16 Criteria in support of project OMRR&R requirements 

Monitoring needs associated with the hydraulic function of the site are as follows: 

• The evolution of tidal and distributary channel networks within the site should be monitored to 
confirm that they are developing as anticipated and that excessive channelization of existing 
drainage channels does not occur, since distributary and tidal channels will not be excavated per 
the conceptual design. 

• Areas adjacent and downstream of Spencer Island will require periodic monitoring to observe 
whether excessive erosion or sedimentation is occurring that affects either habitat or adjacent 
properties. 
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• Salinity and pollutant monitoring may be carried out at the site to confirm no significant impacts 
to water quality. 

10-2.1.17 Environmental engineering considerations 

In the context of hydrology and hydraulics, environmental engineering is taken to mean water supply and 
sanitation. No water supply or sanitation systems are known to exist within or to cross the site. (Not 
applicable.) 

10-2.2 Residual Flooding Consequences – With Project Flooding 
This section discusses the predicted hydraulic conditions after construction of the site. 

10-2.2.1 Warning time of impending inundation 

There are no residences or infrastructure within the site. Aside from regional warnings for possible 
flooding, no warning system is planned. (Not applicable.) 

10-2.2.2 Rate of rise, duration, depth, and velocity of inundation 

Unsteady flow analysis or flood flow routing is unlikely to be required for this site. No analysis of rate of 
rise and flow duration is planned for flood flows. In PED, depths and velocities at the dike breaches and in 
the tidal channel due to the combined effects of river flow and tidal prism will be evaluated in order to 
design breach openings and assess flow effects in and around the site. 

10-2.2.3 Historic, 1% and 0.2% exceedance (100-year and 500-year) flood extents 

Dike lowering and breaching are not likely to significantly affect peak water levels, even for the estimated 
100‐year event. Flood elevations will be reviewed in PED and revised if necessary. 

10-2.2.4 Access and egress problems created by flooding 

Although there is maintenance vehicle and pedestrian access to Spencer Island via Brown Road SE, there 
are no public roads across the site. The entire site, including bridges, lies below the 100-year flood 
elevation. In this sense, there is minimal loss of access or egress during flood events. For smaller flood 
events, there may be loss of access to the bridge connecting Spencer and Smith Islands as well as the 
planned pedestrian bridge across the westernmost dike breach. 

10-2.2.5 Potential for loss of life as a result of 10-2.2.1 through 10-2.2.3 

The potential for loss of life as a result of the proposed work at the site is low. Areas within the site will be 
inundated more often for low return interval floods; however, the entire site lies within the 100-year 
floodplain and is not likely to be occupied by people during floods. 

10-2.2.6 Identification of any potential loss of public services 

Aside from recreational access, there are no public services within the site. Since the northern portion of 
Spencer Island was used for waterfowl management prior to accidental dike breaching, there is a potential 
for some loss of this recreational resource if the island is no longer actively managed to promote 
waterfowl. 

10-2.2.7 Potential physical damages 

Potential physical damages that can occur during flooding will be addressed by the hydraulic analyses 
conducted during PED. This will include an evaluation of the need for stabilization of the westernmost 
dike breach, scour protection of abutments or piers at the pedestrian bridge crossing and any cross 
channel effects of dike breaching. It will also address the issues of erosion and sedimentation in the 
channels adjacent to the site.  
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10-2.3 Project Induced Flooding – Change from Pre-Project Conditions 
This section describes the effects of the proposed restoration on flood elevations, flood patterns, and flood 
frequency. 

10-2.3.1 Information categories required by 10-2.2 

Flooding at Spencer Island is dominated by fluvial discharge from the Snohomish River with some 
influence from coastal flooding and tides. Breaching and lowering of the dikes at the site is not anticipated 
to significantly affect peak water levels during 100-year floods. Water levels within the site during smaller 
flood events will be affected by the increased tidal prism and the availability of new inflow pathways to the 
site. The increased flow in the site is a goal of the restoration effort. 

10-2.3.2 Anticipated frequency of induced flooding 

Although the proposed work is expected to slightly alter the pattern of flooding in the adjacent sloughs, it 
is not expected to change the frequency of flooding in Union or Steamboat Slough. Areas within the site 
will be inundated more often for lower return interval floods, which is one of the goals of the restoration 
effort. 

10-2.4 Inundation Risk 0.2% Exceedance (500-year Return Interval) 
Flood 

Work at the site is not anticipated to change the frequency of flooding, or to appreciably change the 500-
year flood elevations at Spencer Island. The principal risk for the 500-year flood in this area is due to sea 
level change (refer to Section 10-2.1.9). 

10-2.5 Hydraulic Studies  
This section discusses the hydraulic studies, construction considerations, and instrumentation and 
monitoring needs for the site. The anticipated hydraulic studies at this site are summarized in Section 10-
21. 

10-2.5.1 Hydraulic roughness determinations 

No hydraulic roughness determination is currently planned. If a hydraulic roughness determination is 
required to complete hydraulic analyses, then roughnesses will be determined using a combination of 
aerial photographs and field surveys during PED. 

10-2.5.2 Water surface profiles 

Current water surface profiles as reported in the FEMA Flood Insurance Study include the presence of 
portions of the perimeter dike on Spencer Island which will be removed as part of the restoration. In 
order to predict the with-project water surface profiles, a revised hydraulic model will have to be 
implemented which reflects the proposed geometry and the dike breaches. This will be addressed during 
PED. 

10-2.5.3 Stage-discharge relationships 

Current stage-discharge relations as reported in the FEMA Flood Insurance Study include the presence of 
portions of the perimeter dike on Spencer Island which will be removed as part of the restoration. In 
order to predict the with-project water surface profiles, a revised hydraulic model will have to be 
implemented which reflects the proposed geometry and the dike breaches. This will be addressed during 
PED. 
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10-2.5.4 Head loss 

Other than the head losses that will be incorporated into the revised hydraulic model, no additional head 
loss studies are planned. (Not applicable.) 

10-2.5.5 Flow and velocity 

Flow and velocity information from the revised hydraulic model will be used to assess the possibility for 
sedimentation, scour, and bank erosion in and around the site. No field sampling of velocity is planned. 

10-2.5.6 Structural sizing needed to meet design capacity including slope protection 

The hydraulic analysis conducted during PED will include the evaluation of dike breaches to ensure 
adequate tidal interaction as well as an evaluation of the need for stabilization of the westernmost breach 
opening, pier scour protection for the pedestrian bridge, and slope protection along the shoreline. 

10-2.5.7 Water control facilities 

The restoration does not include any water control facilities. (Not applicable.) 

10-2.5.8 Energy dissipating facilities 

The restoration does not include any energy dissipation facilities. (Not applicable.) 

10-2.5.9 Erosion control requirements 

Construction 

The planned earthwork for this site will use land-based equipment if feasible but may require the use of 
water-based equipment. The need for channel dredging for barge access has not been evaluated and will 
take place, if needed, as construction plans are specified during PED. Barge navigation and positioning 
have the potential to suspend or erode bottom sediments in the sloughs. Appropriate in-water sediment 
control measures will need to be used during construction. Planning during PED should evaluate the best 
and most cost-effective methods for excavation of the dike breaches. These may include excavating during 
extreme low tides, installing silt curtains, or possibly using a containment structure for work in the dry. 
Excavation of interior cross dikes on the islands, if any, should occur prior to dike breaching to minimize 
sediment impacts to the waterways. Any in-water or overwater construction should follow accepted best 
management practices for erosion control. Temporary roadways adjacent to waterways need to be 
engineered to minimize sediment impacts. 

With Project 

No erosion control is currently anticipated outside of the construction boundaries since the goal is to 
reestablish natural erosion and sedimentation processes. The hydraulic analysis conducted during PED 
will evaluate whether erosion control or slope protection is needed for specific areas in or adjacent to the 
site because of flow changes caused by the restoration. 

10-2.5.10 Existing and post-project sedimentation 

The entire Snohomish River Estuary is an active accretionary environment. Distributary channels in the 
estuary may shift or avulse as part of natural sedimentation patterns. If conditions at Spencer Island 
remain as they are presently, the interiors of the diked slough island will likely continue to subside from 
lack of new sediment inflows. The breaching and lowering of dikes and the consequent development of a 
distributary channel network will allow increased tidal prism and sediment inflows at the site. The work is 
also likely to result in increased flows to the surrounding sloughs and redistribution of sediments 
impounded as result of diking and ditching. The amount and potential areas of flow changes and 
sedimentation will be addressed during PED. 
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10-2.5.11 Water control and order of work during construction 

Construction should be sequenced, with work in the interior marsh first and dike lowering and breaches 
last. For further considerations refer to Section 10-2.5.9. 

10-2.5.12 Criteria for facility/utility relocations 

No known utilities cross the site. (Not applicable.) 

10-2.5.13 Other facilities to meet project goals 

No other facilities are required in order to meet project goals. (Not applicable.) 

10-2.5.14 Instrumentation and monitoring 

A combination of field surveys and aerial photographs will be used to document biological and physical 
changes to the landscape. Monitoring data can be used to refine adaptive management and corrective 
measures, as needed. Some of the key monitoring needs and opportunities are summarized in the 
Feasibility Study.  

10-2.6 Coastal Studies 
Spencer Island is located between Union and Steamboat Sloughs in the Snohomish River delta 
approximately 4 miles upstream of the delta shoreline. The island is only subjected to wind waves caused 
by local winds. Measurements at the nearby Snohomish Airport (Figure 10-2-4) show that the maximum 
wind speeds come from the southeasterly direction and rarely exceed 40 miles per hour. This could result 
in wave heights of 3 feet with a period of 3 seconds at the river delta shoreline; however, these waves 
would likely be attenuated by the time they reached the site. It is unlikely that wind waves are a significant 
forcing mechanism at this site. The site is chiefly dominated by diurnal tidal flows with periodic flooding 
from the Snohomish River. The influence of wind wave activity, storm surge and wave setup will be 
evaluated during PED . 
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Figure 10-2-4. Wind Rose for Snohomish Airport 

Project plans formulated during the conceptual design phase  for Spencer Island are based on a Mean 
Higher High Water tidal datum of 9.06feet (NAVD88). This datum is based on the tide gauge at Everett 
(NOAA Gauge 9447659). Major tidal datums are summarized in Table 10-2-6.  The final design tidal 
datums will be reviewed and established during PED. 

Table 10-2-6. Major tidal datums for Spencer Island, Everett (Station 9447659) 

Datum Description  
Water Level   

(ft, 
NAVD88) 

Mean Higher-High Water (MHHW) 9.06 
Mean High Water (MHW) 8.18 

Mean Tide level (MTL) 4.48 
Mean Sea Level (MSL) 4.45 

National Geodetic Vertical Datum of 1929 (NGVD29) 3.69 
Mean Diurnal Tide Level (DTL) 3.51 

Mean Low Water (MLW) 0.77 
North American Vertical Datum of 1988 (NAVD88) 0 

Mean Lower Low Water (MLLW) -2.03 

A summary table for the anticipated coastal studies at this site is presented in Section 10-21. 
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10-2.6.1 Design of coastal shore protection projects (ER 1110-2-1407) 

This site does not include coastal shore protection. (Not applicable.) 

10-2.6.2 Effects on adjacent shores 

Downstream of the site, the shoreline transitions from tidal freshwater wetlands to estuarine wetlands 
and finally to a river delta shoreline. The restoration could alter both the salinity and sedimentation 
patterns around the river delta, potentially impacting areas outside the site boundary. The effects on 
adjacent shores should be evaluated during PED.  

10-2.7 Navigation Projects 
This site does not affect navigation. (Not applicable.) 

10-3 SURVEYING, MAPPING, AND OTHER GEOSPATIAL 
DATA REQUIREMENTS  

This section describes surveying, mapping, and other geospatial data information to support preparation 
of the feasibility report and the Real Estate Plan (Appendix F of Feasibility Study). A brief outline of 
additional surveying and mapping required for subsequent design, plans and specifications, construction, 
and operations is also included. 

10-3.1 Surveying, Mapping, and other Geospatial Data Information used 
Geospatial data for the Spencer Island site were obtained primarily from remote sensing applications. No 
site-specific topographic, bathymetric, property, or utility surveys were conducted during the conceptual 
design phase. LiDAR, aerial imagery, and other geospatial data were used to delineate topographic 
features, determine surface elevations, and to estimate areas, volumes, lengths, and other dimensions of 
key features using CAD and/or ArcGIS. High-resolution LiDAR was obtained from the Puget Sound 
LiDAR Consortium (2009 LiDAR; 1m grid; State Plane projection in NAD83 [horizontal datum] and 
NAVD88 [vertical datum]; available at 
http://pugetsoundlidar.ess.washington.edu/lidardata/index.html). The Puget Sound Digital Elevation 
Model was used for combined bathymetry and topography of the Puget Sound lowland (Finlayson D.P., 
2005; University of Washington; State Plane projection in NAD83 [horizontal datum] and NAVD88 
[vertical datum]; available at http://www.ocean.washington.edu/data/pugetsound). Recent aerial 
photography (Aerials Express, 5/15/2009, 0.3m resolution, 2.45 m accuracy) was evaluated to determine 
recent site conditions. The conversion from Mean Lower Low Water to North American Vertical Datum 
(NAVD88) and to the NGVD29 datum was derived from the Everett tide gauge (#9447659).  

Information on land ownership was derived from the Washington Public Lands Database. Additional 
parcel data, including parcel boundaries, was obtained from the Skagit County assessors’ office (2010). 
Information on utilities, existing roadway geometry, and other site features was generally scaled off of 
aerial photographs because as-built drawings were not available. A site reconnaissance was performed in 
September 2010.  

Designers consulted the Nearshore Geodatabase for additional site context. The Nearshore Geodatabase is 
available from the Washington State Geospatial Data Archive at: 
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP. Metadata are provided in the 
Geospatial Methodology Used in the PSNERP Comprehensive Change Analysis of Puget Sound (Anchor 
QEA et al., 2009) (see Annex B). The geodatabase includes numerous datasets listed below: 

• Shoreline • Overwater structures 

• Bathymetry • Marinas 

• Digital Elevation Model (DEM) • Armoring 

http://pugetsoundlidar.ess.washington.edu/lidardata/index.html
http://www.ocean.washington.edu/data/pugetsound
http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP
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• LiDAR (terrestrial) • Breakwaters/jetties 

• Oblique aerial imagery (from the 
Washington Coastal Atlas) 

• Groins 

• Hydrographic sheets  • Dikes 

• Geology • Dams 

• Slope stability • Nearshore fill 

• Drift cells (net shore-drift) • Roads 

• Streams • Railroads 

• Impervious surfaces • Land cover 

Designers also consulted the University of Washington Puget Sound River History Project 19th Century 
Coast Survey Topographic Sheets (2009) for information on historical geomorphic conditions. Conceptual 
designs were intended to replicate historical conditions and remove stressors to nearshore processes to 
the extent practicable and feasible. As a result these datasets informed the selection of restoration 
strategies and features. Designers created additional GIS data layers (point files, line files, and polygon 
files) to represent civil design features such as areas of lowland excavation to be depicted on the plan view 
drawings. Designers also created simple line drawings in CAD to represent typical sections and estimate 
quantity take-offs but did not do any surface modeling.  

10-3.1.1 Additional survey and mapping required 

Substantial additional information will be required at the preliminary and later design stages to refine the 
design assumptions, confirm real estate requirements, and develop plans and specifications. Additional 
survey, mapping, and other geospatial data needs include the following: 

• Property/Utility Survey – May not be required since this site is publically owned and there are no 
utilities.  

• Topographic/Bathymetric Survey – The conceptual design was based on LiDAR and aerial 
photos, which have inherent inaccuracies. Site-specific topographic and bathymetric survey data 
will be needed to refine design of key elements and develop detailed construction and demolition 
plans. Survey data could also be used as a baseline for pre- and post-construction monitoring and 
hydrodynamic modeling. A temporary tide gauge may be required in the early design stages to 
obtain site-specific tidal statistics.  

10-3.1.2 Timeline for incorporation of new mapping or other geospatial data 

Planning, design, and implementation are expected to take several years. The site-specific surveys 
identified above are standard components of the design process and should be completed in the early 
stages of PED to ensure that the design work proceeds efficiently. Incorporating these data into the design 
process is not expected to delay the restoration. 

10-4 GEOTECHNICAL 
This section describes the geologic setting of the site, previous and recommended studies, and proposed 
geotechnical explorations relevant to design features. 
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10-4.1 Geotechnical Information 

10-4.1.1 Regional and Site Geology 

Regional geologic mapping from the Washington Department of Natural Resources indicates site geologic 
features include alluvium (Qal) from the Holocene age (Division of Geology and Earth Resources, 1976, 
Preliminary Surficial Geologic Map of the Mukilteo and Everett Quadrangles, Snohomish County, 
Washington). Alluvium is mostly sand and gravel deposited by streams and may contain some silt, clay, 
and organic material. The geologic map is shown in Figure 10-4-1. 

 
Figure 10-4-1. Geologic Map of Spencer Island 

Near-surface soils mapped in the Soil Survey of Snohomish County, Washington, consist of Puget silty 
clay loam, Snohomish silt loam, and fill. Puget silty clay loam is often observed in floodplains and is 
described as silty clay loam deriving from alluvium. Snohomish silt loam, similar to Puget silty clay, is 
observed in floodplains and derives from alluvium. This soil is described as silt to silty clay with peat. The 
fill is mapped along the perimeter of Spencer Island where there is an existing dike. The fill material is 
likely composed of local sediments consisting of silt, clay, and sand. 

According to the Washington State Department of Ecology (Ecology) website, Snohomish County Public 
Works drilled a monitoring well behind the dike for the Spencer Island dike project in October 1995. The 
well was drilled to a depth of 17 feet and groundwater was not observed during drilling. The driller’s log 
indicates the soil profile consists of organic-rich sandy silt in the top 13 feet and silt with clay and peat 
from 14 to 17 feet deep. 
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10-4.1.2 Completed explorations 

No subsurface explorations have been completed. All subsurface information is based on soil surveys, 
geologic mapping, and available logs from Ecology. See Section 10-4.3 for the proposed subsurface 
exploration plan. 

10-4.1.3 Selection of preliminary design parameters 

Based upon research of the soils and geology in the vicinity, subsurface soils are likely to consist mostly of 
silt, sand, clay, and organic soils. The restoration includes breaching existing dikes and constructing a 
bridge. No preliminary design has been completed for the proposed bridge; therefore, no preliminary 
design parameters have been developed for this report.  

10-4.1.4 Geophysical investigations 

No geophysical investigations have been conducted or are recommended. (Not applicable.) 

10-4.1.5 Groundwater studies 

No groundwater studies have been conducted. Groundwater elevation depends on flows from the 
Snohomish River and the water surface elevation of Puget Sound.  

10-4.1.6 Recommended instrumentation 

No instrumentation is recommended. (Not applicable.) 

10-4.1.7 Earthquake studies  

In accordance with Table 20.3-1 of the 2010 ASCE 7, a Site Class D (NEHRP C) is recommended for this 
site when considering the average of the upper 100 feet. According to the 2008 United States Geological 
Survey (USGS) Earthquake Hazards website (https://geohazards.usgs.gov/deaggint/2008/), the Peak 
Ground Acceleration (PGA) predicted for the site is 0.360 g, and the maximum considered earthquake 
(MCE) ground motions for the site are Ss=0.820 g and S1=0.278 g. In accordance with Tables 11.4-1 and 
11.4-2 from ASCE 7, Site Coefficients Fa and Fv are 1.1 and 1.8, respectively for a Site Class D. Therefore 
the adjusted MCE ground motions are SMS=0.972 g and SM1=0.536 g. The return interval for these ground 
motions is 5% probability of exceedance in 50 years (975 years). See Figure 10-4-2 for earthquake 
deaggregation output. 

Seismic design for deep foundations and bridge abutments will be performed in accordance with the 
Washington State Department of Transportation (WSDOT) requirements and the American Association 
of State Highway and Transportation Officials (AASHTO) Load and Resistance Factor Design (LRFD) 
Seismic Design Specifications. (AASTHO specifies 7% in 75 years, which is comparable to USGS 5% in 50 
years.) 

https://geohazards.usgs.gov/deaggint/2008/
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Figure 10-4-2. Deaggregation plot for Spencer Island 

10-4.1.8 Preliminary engineering analysis 

The proposed bridge will cross the breach on the western dike on Spencer Island. Current estimates 
assume the bridge will be 180 feet in length and 15 feet wide. No preliminary design of bridge structure or 
foundations exists at this time. Preliminary design will be completed during PED. 

Due to anticipated low load of the bridge, small-diameter drilled shafts/auger-cast piles, cast-in-place 
piles, or driven piles are acceptable foundation alternatives for the proposed bridge. Shallow foundations 
are not considered an option due to potential seismic loading, scour, liquefiable soils, and soft soils. 

Slope stability has not been evaluated at this time. Slope stability analyses at either end of the approach 
embankments may be performed upon completion of the design and geometrical configuration of the 
bridge. Ground improvements such as stone columns may be required at the bridge abutments/roadway 
approaches if liquefiable soils are encountered.  

10-4.1.9 Excavatability analysis 

Excavation and breaching of dikes will likely be accomplished with excavators, bulldozers, and front-end 
loaders, and possibly scrapers. Current assumptions are that the dikes were constructed from local 
deposits found on the island. Local deposits are mainly silt, sand, and clay. There is no armor protecting 
the dike, and therefore no riprap will be excavated. Most midsize excavators and bulldozers should be 
sufficient to perform the necessary excavations and sidecast the material. No bedrock or boulders are 
anticipated; therefore no blasting should be required.  
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10-4.1.10 Anticipated construction techniques and limitations 

The site is located on Spencer Island. A combination of land- and marine-based equipment will likely be 
required for construction. Land-based equipment will be used to lower the dike along Union and 
Steamboat Sloughs during the dry season. The areas north of the existing west and east breaches would 
require marine equipment access. Dozers and excavators will be used to lower exterior dikes and sidecast 
material. Excavators will be used to breach the dikes. Additional breaching methods may be considered 
during PED. Lowering of the dike and breaching should be coordinated with tides. 

Bridge foundations will be installed using standard methods for drilled shafts (either casing or wet 
methods), or using small-diameter auger-cast piles. Cast-in-place or concrete piles are driven using 
standard equipment such as a hydraulic hammer. Once the shafts/piles are installed, the pilecaps and 
bridge superstructure are constructed. 

No utilities exist within the vicinity.  

See Section 10-6.1.2 for additional construction notes. 

10-4.1.11 Potential borrow sources and disposal sites 

No significant borrow is anticipated. All disposed soil will be sidecast onsite near the existing dikes. 

10-4.1.12 Potential sources of concrete and materials 

Preliminary investigations indicate that there are multiple sources for ready-mix concrete and aggregate 
materials within 20 miles of the site.  

10-4.1.13 Suitability of concrete and materials 

Suitability of concrete and materials will be evaluated at later stages of design or during construction. 

10-4.2 Additional Studies and Analysis 
Additional studies and analysis to be completed during PED or subsequent phases of design include the 
following at a minimum: 

• Geotechnical Investigation: subsurface explorations, testing, and field reconnaissance 

• Foundation Design: static and seismic analysis according to AASHTO LRFD 

• Abutment Stability: include potential for liquefaction and ground improvement 

• Scour Study: at abutments and bridge piers 

• Dike breach methodology 

10-4.3 Additional Explorations and Testing 
The proposed subsurface exploration plan consists of drilling borings along the alignment of the proposed 
bridge and using hand equipment and/or test pits to explore the site, classify the material, and obtain 
basic soil properties. Borings along the bridge alignment will be at the abutments and at any intermittent 
piers. Hand equipment and test pits are recommended in the proposed dike breach locations and 
excavation areas, with at least one pit or hole in each breach location. 

Based on research of the site, the bridge borings should be a minimum of 75 feet below the ground surface 
and hand augers or test pits a minimum of 5 feet. The preferred exploration method for the borings is 
mud rotary. A backhoe or small excavator will be used to dig the test pits. Hand equipment includes hand 
augers and probes. 

The subsurface exploration plan should be reevaluated and coordinated with hazardous and toxic material 
investigations during PED to include chemical sampling and testing. See Section 10-9. 
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Sampling in the soil borings will be accomplished using standard penetration test (SPT) with samples 
taken every 2.5 feet for the top 30 feet and every 5 feet for the remainder of the boring depth. Proposed 
soil lab testing will be as follows: approximately 50% of samples will be tested for moisture content, 20% 
of samples for grain size, and 20% of samples for finer than #200 sieve. Any cohesive material 
encountered will be tested for Atterberg limits. In-situ testing will include SPT blow counts. Piezocone 
penetrometer (CPTu) or cone penetrometer tests (CPT) are also recommended due to the anticipated soft 
soils present within the site. 

10-4.4 Laboratory-Testing Program and Evaluations 
No laboratory testing or evaluation of materials has been completed at this time.  

10-5 ENVIRONMENTAL ENGINEERING 
This section describes environmental engineering factors relevant to the proposed design features. 

10-5.1 Use of Environmentally Renewable Materials 
At the conceptual design stage, use of environmentally renewable materials is not planned. However, if 
renewable materials are available they could be incorporated into the design. Specific details will be 
developed during subsequent design stages. 

10-5.2 Design of Positive Environmental Attributes into the Project 
The Spencer Island site is one of the nine sites selected to address River Delta restoration objectives to 
protect and restore freshwater input and tidal processes where major river floodplains meet marine 
waters. Restoration of the entire extent of Spencer Island represents an opportunity to restore important 
tidal freshwater habitat in the Snohomish delta that was lost due to agricultural development. In their 
current configuration, the dikes and drainage channels in Spencer Island block the free flow of tidal and 
fluvial waters that would otherwise create and maintain these nearshore habitats. The drainage practices 
and lack of tidal inundation resulted in up to 4 feet of subsidence. The proposed restoration includes dike 
breaching and dike lowering to restore estuarine processes and seasonal riverine flooding to the interior 
of Spencer Island. Breaching and lowering of dikes to suitable elevations is intended to allow tidal 
freshwater (low salinity) hydrology to support channel formation and the development of a tidal forested 
wetland community.  

10-5.3 Inclusion of Environmentally Beneficial Operations and 
Management for the Project 

Design and construction will incorporate sustainable and ISO 14000 compliant practices. The U.S. Army 
Corps of Engineers (USACE) Environmental Operating Principles (EOPs) are designed to provide 
direction on achieving better stewardship of air, water, and land resources while showing the connection 
between managing those resources and protecting environmental health. The EOPs are to ensure that 
USACE actions consider the environment and are sustainable now and in the future. 

10-5.4 Beneficial Uses of Spoil or Other Project Refuse During 
Construction and Operation 

At the conceptual design stage, beneficial uses of spoil or other refuse are not planned. However, if spoils 
or other refuse materials are available for reuse, they could be incorporated into the design. Specific 
details will be developed during subsequent design stages, and at that point beneficial uses of spoils or 
other refuse would be considered.  
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10-5.5 Energy Savings Features of the Design 
Energy savings features have not yet been incorporated. In accordance with the EOPs, energy savings 
features will be a component of the design to the maximum extent practicable. 

10-5.6 Maintenance of the Ecological Continuity in the Project with the 
Surrounding Area and Within the Region 

The restoration will increase ecological continuity within the site and with the surrounding area. This is 
one of several sites designed to restore the productivity and increase interconnectivity of the Puget Sound 
ecosystem. 

10-5.7 Consideration of indirect environmental costs and benefits 
Indirect environmental costs and benefits will be evaluated during environmental assessments developed 
for each project at a later date. 

10-5.8 Integration of environmental sensitivity into all aspects of the 
project 

Construction will be conducted to ensure no deleterious impacts to the ecosystem will occur over the long 
term. Best management practices will be incorporated into the contract documents. Most management 
practices will cover erosion and sediment control, stormwater management, spill response and hazardous 
material management, trash and debris management, air emissions from construction vehicles, and noise 
standards. 

10-5.9 The Perusal of the Environmental Review Guide for Operations 
(Ergo) with Respect to Environmental Problems that Have Become 
Evident at Similar Existing Projects and, Through Foresight During this 
Design Stage, Have Been Mitigated/Addressed in the Project Design 

This is not a USACE operating facility. (Not applicable.) 

10-5.10 Incorporation of Environmental Compliance Measures into the 
Project Design 

All applicable laws and regulations will be followed during design and construction in accordance with the 
USACE contract documentation.  

10-6 CIVIL DESIGN 
This section discusses the key elements of the civil design, including the selection of the site, basis of 
design, and constructability. 

10-6.1 Site Selection and Project Development 
Restoration of the entire extent of Spencer Island represents an opportunity to restore important tidal 
freshwater habitat in the Snohomish River delta that was lost due to agricultural development. Spencer 
Island lies on the salinity gradient from estuarine scrub-shrub to riverine tidal forested wetland zones 
(Collins, 2002). Historically, the Snohomish River had extensive freshwater wetlands, more than four 
times the amount of tidal wetlands, due to the broad, gently sloping valley eroded by continental ice 
sheets. The dikes and drainage channels in Spencer Island now block the free flow of tidal and fluvial 
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waters that would otherwise create and maintain these nearshore habitats. The drainage practices and 
lack of tidal inundation also resulted in up to 4 feet of subsidence.  

Past restoration on Spencer Island has restored tidal action to about 80 acres of tidal marsh habitat in the 
southern part of the island. A series of designed breaches in the 1990s and the construction of a cross dike 
allowed tidal inundation to restore estuarine processes in the southern part of the island. In 2005, an 
accidental breach occurred in the northern part of the island, restoring tidal action. Since the breaches 
occurred, many studies have highlighted the importance of removing dikes in estuary systems. Dike 
removal promotes higher densities of tidal channels, increased edge complexity, alluvial sediment delivery 
and higher habitat diversity.  

The proposed restoration at Spencer Island includes a combination of expanding existing and creating 
new breaches on both sides of the island and lowering existing dikes to marsh plain elevations. The 
proposed activities are intended to allow tidal freshwater (low salinity) hydrology to support channel 
formation and the development of a tidal forested wetland community. In addition, it appears that the 
island may be located close enough to the mudflats at the mouth of the Snohomish River to allow for 
resuspended estuarine sediments to reach the island and deposit on flood tides, addressing subsidence at 
the site. A restoration alternative that proposed excavation of tidal and distributary channels in the 
interior of the island was considered but not selected for further analysis. 

Table 10-6-1 summarizes the key design elements associated with the proposed restoration. Annex 1 
contains exhibits that depict the proposed restoration and quantity estimates for design elements. 

Table 10-6-1. Key Design Elements 

Item Description of Item Approx. 
Quantity 

Lower Dikes to 
Elevation of Natural 
Levee/Riparian 
Woodland  

Lower 3,075 LF of dike adjacent to Union Slough to support 
riparian woodland corridor; assume 6.5 CY per LF 
Lower 6,075 LF dike adjacent to Steamboat Slough to 
support riparian woodland corridor; assume 6.5 CY per LF 
Sidecast excavated material from dike lowering into adjacent 
borrow ditches. Assume placement within reach of excavator 
and some shaping by excavator bucket 

59,480 CY 

Create New Breach 
and Expand Existing 
Breaches (2) 

 

Expand existing 70-foot-wide breach adjacent to Steamboat 
Slough to 160 feet wide at MHHW (width may be lesser or 
greater depending on existing elevation of adjacent dike) 
Expand one existing breach adjacent to Union Slough in the 
northern portion of island to 160 feet wide at MHHW 
Create one new 160-foot-wide breach adjacent to Union 
Slough in the central portion of the island 
Assume the unit volume is 43 CY per LF and is excavated 
approximatley 100 FT from slough into the site 
Sidecast excavated material from dike lowering. Assume 
placement within reach of excavator and some shaping by 
excavator bucket 

12,960 CY 

Construct New 
Bridge 

Build new bridge across the new west breach on Union 
Slough to maintain the existing public access and provide 
occasional access for maintenance vehicles; assume 15 feet 
wide 

180 LF 

10-6.1.1 Basis of design 

The existing perimeter dikes inhibits tidal flow, sediment transport, and channel formation and 
maintenance in the interior of Spencer Island. Eliminating portions of the dikes would improve 
freshwater and tidal prism exchange with the island marsh plain, and increase hydraulic and habitat 
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connectivity with the Snohomish River sloughs to interior marsh channels. The restoration proposes to 
expand existing breaches in two locations and create one new breach to allow tidal flow from Union and 
Steamboat Sloughs and lower existing dikes along the perimeter of the island. The restoration of this site 
is designed to restore ecosystem processes and reestablish natural geomorphic conditions. The civil 
design is based in part on historical conditions as evidenced by 19th Century Coast Survey Topographic 
Sheets (Figure 10-6-1). Post-restoration site conditions are intended to resemble or replicate the historical 
morphology to the extent feasible.  

 
Figure 10-6-1. Historic Map (T-Sheet) and River History Project Data 

The existing breach on the east side of the island, adjacent to Steamboat Slough, will be expanded to 
accommodate the tidal prism associated with the subsided site (see Section 10-3.1 for a description of data 
sources used during conceptual design). The typical breach size was designed according to the hydraulic 
geometry for tidal marsh channel sizing section in the Applied Geomorphology Guidelines and Hierarchy 
of Openings (Annex A) and a representative marsh drainage area of approximately 145 acres was assumed 
for the east side of the island. The conceptual design did not take into account the degree of subsidence, 
which has been substantial at the Spencer Island site due to the history of diking. Accounting for 
subsidence would increase the size of the equivalent tidal prism as well as the channel dimensions. Both 
the area of tidal marsh and breach excavations will be further evaluated during PED.  

On the western side of the island, adjacent to Union Slough, the existing breach at the northern end of the 
island will be similarly expanded and a new breach will be created near the center of the island. The 
dimensions of both the expanded and new breaches will be the same as for the Steamboat Slough breach, 
and the assumed marsh area is also approximately 145 acres. The methodology for sizing these breaches 
was the same as for sizing the expanded breach on Steamboat Slough, as described above.  

Portions of the existing dikes along Union Slough and Steamboat Slough would be lowered as part of the 
restoration. The dikes would be lowered to create a wide, low berm similar to the natural levees that line 
the banks of sloughs in the region. At nearby Otter Island, riparian habitat is found between about 9 to 12 
feet (NAVD88). These lowered dikes would allow high flows to discharge overbank onto Spencer Island, 
potentially lowering flood flow depths along Union and Steamboat Sloughs. As part of the restoration, the 
newly lowered dikes would be planted with riparian woodland vegetation.  

The restoration also includes construction of a bridge across the west breach on Union Slough to maintain 
the existing public access and provide occasional access for maintenance vehicles (described in Section 
10-7.1).  
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10-6.1.2 Constructability 

The existing dikes adjacent to Union and Steamboat Sloughs may be lowered primarily with upland 
equipment, provided this work occurs during the dry season. If a temporary bridge or crossing is not 
feasible, marine access may be needed to the areas north of the existing west and east breaches (i.e., via 
barge).  

Breaches would require work with excavators. Final dike lowering and breaching should be coordinated, 
including a plan for access as additional tidal waters enter the site. 

See Section 10-10 for additional information on construction procedures and Section 10-20 for the 
anticipated schedule for construction. 

10-6.2 Real Estate 
Real estate assumptions, valuations, and planning documents have been appropriately scaled for the 
current level of design. As additional surveys, modeling, and design are completed during PED, the real 
estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, Appendix F, Real Estate Plan. 

10-6.3 Relocations 
Utility / facility relocations are not applicable to this site.  

10-7 STRUCTURAL REQUIREMENTS 
This section discusses the structural elements of the proposed restoration including preliminary design 
requirements and criteria for bridges or roads, a description of major structures and construction 
considerations, and recommended analyses. 

10-7.1 Functional Design Requirements and Technical Design Criteria  
The restoration includes construction of a bridge across the west breach on Union Slough to maintain the 
existing public access and provide occasional access for maintenance vehicles. A section of existing public 
access path, which is incidental to the breach excavation, will be replaced by the bridge. The bridge will be 
sized for final channel dimensions, including abutments, and installed during PED.  

No other bridges or structures are planned as part of this restoration. 

10-7.2 Survey, Hydrologic, Hydraulic, and Geotechnical Data Used  
LiDAR survey and probable water surface elevations were used to develop the conceptual design. For 
information about data used for the conceptual design, see Section 10-3.  

No geotechnical data were available at the time of the conceptual design. Both geotechnical and structural 
investigations will be required to facilitate the development of the restoration design.  

10-7.3 Site Selection Studies 
The site selection is summarized in Section 10-6. 

10-7.4 Major Structures 
No new roadway bridges or structures are planned as part of this restoration. (Not applicable.) 
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10-7.5 Describe Evaluation and Selection of Substructure Alternatives 
Based on Economy and Performance 

No roadway bridges or structures are planned as part of this restoration. (Not applicable.) 

10-7.6 Construction Considerations 
The restoration includes construction of a bridge that will be sized for final channel dimensions during 
PED. The bridge should be installed after long-term equilibrium of the channel is reached. No roadway 
bridges or structures are planned as part of this restoration at this time. See Section 10-10 for 
construction considerations.  

10-7.7 Stability Analyses 
No roadway bridges or structures are planned as part of this restoration. (Not applicable.) 

10-7.8 Stress Analyses 
No roadway bridges or structures are planned as part of this restoration. (Not applicable.) 

10-7.9 Thermal stress analyses 
No roadway bridges or structures are planned as part of this restoration. (Not applicable.) 

10-7.10 Other Analyses 
No other analyses are recommended. (Not applicable.) 

10-7.11 Additional Studies, Tests, Analyses 
Additional investigation and studies may be needed for permitting or other site requirements unrelated to 
the infrastructure. See Section 10-21 for a complete list of recommended additional studies and 
investigations. 

10-8 ELECTRICAL AND MECHANICAL 
REQUIREMENTS 

Electrical and mechanical structure requirements are not applicable to this site.  

10-9 HAZARDOUS AND TOXIC MATERIALS 
An Environmental Site Assessment Level I survey was completed by the project sponsor on 16 
Feb 2011 . The Phase I site visit did not report any current uses that might indicate potential 
hazardous substances or other environmental problems. The site historically was used for 
agricultural farming and grazing. Common chemicals associated with agricultural usages include 
pesticides and herbicides some persistent. There is the potential for lead shot to be present in the 
project site from the State’s pheasant release program. During PED, an evaluation on whether the 
previous use of the area for hunting will be conducted in conjunction with the sponsor. The 
evaluation will consider changes to the physical conditions at the site (inundation, sedimentation, 
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etc.) that result from the proposed project. This information will be used to update an exposure 
model to assess the potential impact of lead shot at the site.  

A review of the Washington Department of Ecology Facility/Site Site (provides information on 
facilities and sites of environmental interest see figure below) and EPA EnviroFacts database 
was accessed on 7 March 2014. A facility which has been given a site ID may be associated with a 
permitted generator, stormwater discharge permit, or storage facility etc. ID numbers are not necessarily 
limited to those sites where a release occurred. If a release occurred and is under investigation, there is a 
possibility that the facility may be further investigated and then listed on the Confirmed and Suspected 
Contaminated site list or the Hazardous Sites list. 
The Department of Ecology database map found Snohomish County Parks (FS ID 4192460) with 
a non-enforcement action (Jan 18, 2007), Hilbert Bartles Steamboat Slough (FS ID 6457558) as 
a spill (May 7, 2007) within the project boundaries and Ron Barber Steamboat Slough (FS ID 
24231) as a spill (July 10, 2009), Mark Allen Dimond (FS ID 4570) as a hazardous waste 
generator, and WA DFW Spencer Island (FS ID 8515442) as a water quality violation (Sept 13, 
2005) adjacent to the project footprint. Information on the type of spill or quantities is not 
available on the web site and if needed that information will need to be gathered from the 
archives at Ecology.  None of these facilities are on the Ecology Confirmed and Suspected 
Contaminated Site List for Snohomish County (only lists sites that are undergoing cleanup or 
awaiting further investigation) nor the Hazardous Sites List (only lists sites that have been 
assessed and ranked - updated Feb 26, 2014). No other sites were located near the project site. 
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10-10 CONSTRUCTION PROCEDURES AND WATER 
CONTROL PLAN 

The proposed restoration will involve earthwork and exposure of bare ground during dike lowering and 
breaching. The planned earthwork for this site will use land-based equipment if feasible but may require 
the use of water-based equipment. The need for channel dredging for barge access has not been evaluated 
and will take place, if needed, as construction plans are specified during PED. Barge navigation and 
positioning have the potential to suspend or erode bottom sediments in the sloughs. Appropriate in-water 
sediment control measures will need to be used during construction. Planning during PED should 
evaluate the best and most cost-effective methods for excavation of the dike breaches. These may include 
excavating during extreme low tides, installing silt curtains, or possibly using a containment structure for 
work in the dry. Excavation of interior cross dikes on the islands, if any, should occur prior to dike 
breaching to minimize sediment impacts to the waterways. Any in-water or overwater construction should 
follow accepted best management practices for erosion control. Temporary roadways adjacent to 
waterways need to be engineered to minimize sediment impacts. 

  

The conceptual design did not address design of the pedestrian and maintenance vehicle access bridge. 
Subsequent design shall address measures needed for installation of new bridge abutments and 
foundations. The appropriate best management practices for erosion control and in-water work, should 
the selection of the site require that, will be addressed at that time. Specific measures for construction 
procedures and water control will vary depending on the location and nature of the work associated with 
each site. State and federal resource agencies will impose specific timing restrictions on in-water work to 
protect fish and wildlife. In addition, specific measures may be required under site-specific permit 
requirements and to protect downstream infrastructure or built environments. The erosion and water 
quality control plan will also need to consider and incorporate the findings of future analyses for 
hazardous and toxic materials at the site (as described in Section 10-9). A complete description of best 
management practices will be determined during PED. 

10-11 INITIAL RESERVOIR FILLING AND 
SURVEILLANCE PLAN 

The proposal is for ecosystem restoration. (Not applicable.) 

10-12 FLOOD EMERGENCY PLANS FOR AREAS 
DOWNSTREAM OF CORPS DAMS 

The proposal is for ecosystem restoration. (Not applicable.) 

10-13 ENVIRONMENTAL OBJECTIVE AND 
REQUIREMENTS 

All necessary information to develop designs, plans, and specifications, and to execute construction and 
operations is included in the Project's supporting documents including the U.S. Fish and Wildlife Service 
report titled "Strategic Restoration Conceptual Design - Preliminary Environmental Contaminant, 
Cultural Resource, and Endangered Species Site Evaluations." The environmental information developed 
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for the analysis in the Environmental Impact Statement provides additional environmental objectives and 
requirements for final site design development. As summarized in Section 10- 6, Civil Design, substantial 
environmental information was developed for the Feasibility Study regarding environmental problems, 
opportunities, and constraints such that the Corps could estimate costs of the restoration sites and 
prepare the Real Estate Plan.  

10-14 RESERVOIR CLEARING 
The proposal is for ecosystem restoration. (Not applicable.) 

10-15 OPERATION AND MAINTENANCE (O&M) 
Operation and maintenance costs for the Spencer Island restoration are related to lowering existing dikes 
and construction of a pedestrian and maintenance vehicle access bridge. Overall, a decrease in O&M 
activities is expected due to the lowering of dikes to the level of natural levees, thus eliminating the need 
for future dike O&M activities. The decrease in O&M activities is estimated at $24,970 per year on average 
over a 50-year period of analysis. 

Maintenance costs for the trail bridge were estimated to be similar to a road bridge based upon 
conversation with WSDOT staff. Absent a better source, the assumption is that the cost will be similar to a 
road bridge since both require an engineer to physically inspect the bridge. Maintenance activities include 
the following: 

• pedestrian and maintenance vehicle access bridge inspection every other year; and 
• pedestrian and maintenance vehicle access bridge cleaning at least once per year. 

At the current level of site design, all O&M activities have not been identified. Additional assessment of 
O&M activities will be conducted during PED. 

10-15.1 33CFR Part 208 Projects 
The proposed site is not a flood control project to be maintained and operated according to regulations in 
33 CFR 208. (Not applicable.) 

10-15.2 Channel or Basin Clean out Projects 
The proposed site does not include channel or basin cleanout activities. (Not applicable.) 

10-15.3 Multiple-Purpose, Complex Projects with Power Production 
The proposed site does not include power production. (Not applicable.) 

10-15.4 Frequency and Cost of Maintenance Dredging 
The proposed site does not include any maintenance dredging. (Not applicable.) 

10-16 ACCESS ROADS 
There will be no new roadway infrastructure in place following this restoration. No additional temporary 
or permanent access roads are anticipated. Access to the northern portion of the site will need to use 
temporary bridge or crossing (e.g., temporary culvert with fill and steel sheet) to get across the existing 
accidental breaches. These can be removed after work is done, before breaching. 
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10-17 CORROSION MITIGATION 

No new construction is proposed, and therefore corrosion mitigation is not applicable to this site. 

10-18 PROJECT SECURITY 
The proposal is for ecosystem restoration. (Not applicable.) 

10-19 COST ESTIMATES 
The Spencer Island cost estimate of $6,495,000 (1Q FY2015 dollars) consists of costs to restore a 
marshland area and to allow a return to natural sediment flow.  Major features of work include removal 
and breaching of existing levees, installation of a new pedestrian bridge, and construction of tidal starter 
channels. Other minor work includes plantings.  All access to this site is presumed to be via barge. 

The largest cost driver is breaching and lowering of the existing levee system.  Levees along the perimeter 
of the island will be lowered and breaches constructed to allow influx into the newly constructed tidal 
channels.  Other major costs include construction of a new pedestrian bridge to connect the island to the 
mainland.  

Following a formal cost and schedule risks analysis meeting held on July 16, 2012, a contingency of 32% 
was developed. This risk analysis was revisited by Cost Engineering in 2014. Primary cost risks came from 
the high uncertainty surrounding the earthwork that will be conducted.  Minimal detail was is available 
for quantity development, and earthwork constitutes the majority of the project.  The primary schedule 
risk is from delays that could occur due to an inexperienced contractor managing the project.   

The site has some risks that may not be directly related to cost.  The proposed dike breaches may not lead 
to development of a distributary channel system as desired, and will require additional modeling and 
design during PED. In addition, flow through the dike breaches may have adverse cross channel or 
downstream effects.  This will need to be modeled during PED as well.  Finally, the breach opening and 
bridge supports at the westernmost dike breach (pedestrian bridge location) may experience excessive 
scour.  Scour protection has not been designed and this will need to be done during the PED phase. 

Opportunities for this site for cost come from the possibility of earthwork requirements being less than 
anticipated.  The design report includes minimal details regarding grading and levee sections, so it is 
possible that work will be reduced.  Schedule opportunities come from the same issue, and are minimal.  
If the work requirements for earth moving operations are reduced there will be some reduction in 
schedule. 

10-20 SCHEDULE FOR DESIGN AND CONSTRUCTION  
The proposed restoration at Spencer Island is considered relatively straightforward. Based on the low 
level of complexity, the anticipated design period for the site is approximately 2 years. This includes 
preparation of final design, plans and specifications, and the construction contract. 

The anticipated construction period for the dike breaching, dike lowering, and channel network 
enhancement is approximately 9 weeks. Any in-water construction activities will take place during 
established work windows. The existing dikes adjacent to Union and Steamboat Sloughs may be lowered 
primarily with upland equipment, provided this work occurs during the dry season. 
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Property acquisition and permitting timelines are not included in this duration. The time required to 
complete these upfront activities is unknown, but is assumed to be relative to the length of the anticipated 
design period for the site as described above. 

10-21 SPECIAL STUDIES  
Table 10-21-1 summarizes recommended studies and additional investigations needed to support 
subsequent stages of design and implementation. Unless otherwise noted, these studies are 
recommended to take place during PED. 

Table 10-21-1. Special Studies Recommended for the Spencer Island Site 

Type Basic Requirements 

Property 
Investigation/Survey 

 

• Compile more detailed information on parcel ownership and 
property boundaries to finalize the design, confirm acquisition 
requirements, and support negotiations with property owners. 

Topographic/Bathymetric 
Survey 

• Acquire site-specific survey data to refine design of key elements, 
develop detailed construction and demolition plans, and serve as a 
baseline for pre-and post-construction modeling, including 
hydrodynamic modeling.  

• Install a temporary tide gauge in the early design stages to obtain 
site-specific tidal statistics. 

Hydraulic 
Analysis/Modeling 

• Perform hydraulic and geomorphic analyses to support the design of 
natural levee elevations particularly during flood events.  

• Implement a revised hydraulic model for the Snohomish River 
reflecting the proposed geometry, the new levee elevations and the 
dike breaches to predict the with-project water surface profiles and 
confirm the extent and nature of hydraulic effects from the project.  

• Combine review of aerial photographs with field surveys to quantify 
channel topology and hydraulic roughness and inform geomorphic 
evaluation under restored conditions. 

• Assess hydraulics at dike breaches and effects of increased tidal prism 
to optimize breach openings and quantify effects on adjacent shores. 

• Formulate a monitoring plan, including any required field surveys or 
instrumentation that will be used to evaluate the project’s hydraulic 
performance.  

Sedimentation Analysis • Assess sediment transport dynamics to optimize the breach 
dimensions and locations and address concerns about restored tidal 
marsh evolution and sustainability with changing sea levels. 

• Analyze potential channel infilling and evolution of interior channels 
to determine long-term stability of the site. 

• Assess the need, if any, for slope protection or erosion/sedimentation 
mitigation measures along adjacent shorelines.  

• Evaluate temporary increases in sedimentation downstream of the 
site during the formation of any new distributary channels. 
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Type Basic Requirements 

• Evaluate the need for stabilization of westernmost dike breach and 
scour protection of bridge piers and abutments.  

Coastal Engineering Studies  • Refine sea level projections using localized tide gauge data.  

• Address the impact of wind waves. 

• Review and establish the final design tidal datums. 

• Evaluate effects on adjacent shorelines resulting from changes in the 
salinity and sedimentation patterns around the project boundaries. 

Geotechnical Investigation 

 

• Complete subsurface explorations, testing, and field reconnaissance. 

• Perform geotechnical studies to inform design of the proposed bridge 
at the new western breach. Pile footing depths and bearing loads are 
key site-specific geotechnical factors that will be required for 
preliminary and final designs.  

• Dike breach methodology.  

Public Access Evaluation • Examine the balance between public access, habitat considerations, 
and costs. 

Foundation Design Study • Perform static and seismic analysis according to AASHTO LRFD. 

Abutment Stability Study • Complete a standard study to include potential for liquefaction and 
ground improvement. 

Utility Survey • Obtain more detailed information on utilities to finalize the design 
and confirm acquisition requirements. 

Phase II Environmental Site 
Assessment 

• Assess historic fills and conduct soil sampling for contaminants. 

Cultural Resources 
Investigation  

• Complete surveys for archaeological and historic resources in areas 
proposed for excavation.  

Cost Study • Assess potential for cost and schedule reductions during refinement 
of restoration design. 

Environmental Permitting  • Complete documentation and applications for environmental permits 
with federal and state agencies. 

10-22 DATA MANAGEMENT 
Project documents, background materials, and digital files from the local sponsors were provided to the 
project team directly, through the State’s Habitat Work Schedule, or via the Nearshore Portal. The project 
team also used databases previously developed by and for the Puget Sound Nearshore Ecosystem 
Restoration Project including the Change Analysis and backing geospatial data (see Section 10-3.1.1 for 
additional detail). 

Work products for the conceptual restoration designs were developed primarily in GIS and typical word 
processor and spreadsheet applications. GIS products for all sites were collected in a single geodatabase 
that captured spatially referenced locations and sizes of major design elements.  
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10-23 USE OF METRIC SYSTEM MEASUREMENTS  
This report uses United States customary units for design and construction measurements. To remain 
consistent with work conducted to date, the metric system of measurement was not used. 
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ANNEX 1: EXHIBITS 
This section contains a set of site-specific exhibits prepared for the proposed restoration. The exhibits 
include:  

Exhibit A – Conceptual Design Plan 

Exhibit B – Conceptual Design Sections 

Exhibit C – Quantity Estimates 
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eubed, Earthsta1 Geograph~ CNES!~ OS, USDA. USGS, AEX. GellflliiPI)Ing, Aerogrid, 

Lead Contractor: ESA 
Design Lead: ESAPWA, L. VVhite, PE 

J_~
-

9.06 

NA>mell -2.03 
MU.W 

OOOFTMI1HW•008 FTNIIVOM 
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EXCAVATE EXISTING DIKE ANO 
CREATE RIPARIAN BERM; 6.5 CY/LF 

oL-.~oon----.~rno----~uo,---~~·.---~-~~--~.---..,--.~--~-~~--~.---~--~~--~~.---~~n---•7~o--~s~o~ 
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Lead Contractor. E SA 
Design Lead. E.SA PWA. L Wlita. PE. 
Date: 1112012 
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0 20 t::::s1 I hlrn Fcct 
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2.03f'TMLLW~ O.OO~TNAVDS:S 

Sourco. Ev0191l Tldo Gougo (NOS #9447659) 
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Conceptual Dest~'' Section 

Exhibit 128 
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Quartlty Estimate 

Site Name: ;spencer ISland Restor~on 

Site#: 149 

Date: jF..,ru,.V 201 :R""'sed May 2012 

By: iL White :<ember 201 2 :R""'sed Se1 

I REMEDY: Remove levee, expand and co'"truct breacl es to enf•ance wet/. •nd 
i ' Period: 9 Weeks 

litem 
Unit of Material 

Qty Description of Item Measure Name 

l AND Based oo available m•«Jino information 
!Required Proiec Lands Acre 178 ctalland req"red · actim 
IProporent I Partner-owned lands Acre 178 Estimate of lands currenW owned by Prooonert (i e, PLIJiic lands] 
Lands 1 Be Acqu1red Acre NA Estimate lar t required 1 1 be acqlired ror acbm pri ,,....,. ,.~ .. Not Jsed See Earttwm< - lmporred Fill 

I AND ACCESS 1 activities Desc irt;o required for eacn Item · facilitate cost estimating 

j"'_obi~zatim ~;:'~c_a; 
lcEquipment , PerSonnel, Plann ng, F\llancial) LS 1 

~6;,':~~~~~~t:~~ as bonding, plam ing ard otller staff time and financing Typically, assume 8% to 

~~~~:~~~~ ~~~~~~eel Plannno. Financial\ 
LS NA 

!Site Access LS NA 
Days NA 

Temporary· ratfic Control i 
none NA 

_signs NA 
flags /spotters NA 

uniqu NA 
NA 

Contr~ of Water NA 
I I 

i""" oenomon A ctivmos ~~~~:?~t~~~~val or s~uctures lC1e5C~P~~e~:fa~:~~~), temporary rea~res ana re1?c~ons: 

'Ill I I I 

I 
I I I 

:lear Offsite l lisposal AC NA 
:lear, stockpile large woody d"'ris NA 

ill 

i I I 

1Demoli1 ion/ Removal BoatR""P SF NA 
iaUI-' ' "" DiSposa of oem~inm Oebns Miles NA 

: ontam01ated w aste Removal ~::~\erns fo~eamwork ~c~~~iZ:,'~~~~~~~~~i~ated. 1 naz~~~~;~:,:~~~nan~~~ano 
describe kn.-..n slmil• r w <Tk. 

I i I 

I i 
'>cavation Per Y"''' excavatio 1 wlout expected haul 

I 

jExcavation- Lowland C' 59480 ;~~':'h~':,ei~~·,~~a~'~:;'~toiS; noM levee~6.5cyAf x 30751r east 1 < OU <OII·>IUeca >l 

lored~no . Bucket L<r1d CY 
n"ou ~~:en excavancn, Area" t>'eacn, 4 o,C<yrlr x 1 uurx (>) 1 t aoo snape into npartan 

i 
li 

IFine Gradino AC NA 

I -local borrow h s is additr;e I Eartl>'lcrk -Excav<tion 

lsiae cast CY 
f2£4U ~~~:;area marenal p1aceo wimln rea en cr excavator' <reage- assume ire~uoes some snap1ng oy 

~y Lcm at:x:Jve 
Jreacnes X> see Dredg'rg . BU<!kel . Land at:x:Jve 

II 
I 

II I 
I 

I I 

i I I 
'"'"· GravelforBeach Nmrishment CY NA 

~ourtsnmen CY NA 
;;_y NA 

Chann~ Reflab : rea:illn 

: v NA 

SF NA 
Large ~acement EA NA 
I 

;StNCIU re5 oA 
jW&er Cmtn I Structures· : uNerts w[l] Gates NA 

I 
I 

I 
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Restoration Quai'Wity Estimate j~ 
Site Name: Spencer Island Re~;toration 

Site #: 1149 

Date: February 201 1 Rev1sed May 2012 

By: L. White Revised September 201 2 

REMEDY: Remove levee, expand and construct breaches to enhance wetland development 
Const ructio n Period: 9 W eeks 

Item Unit of M aterial 
Qty Description of Item 

Measure Name 

Utilities Replacement or relocation. Designer to provide size and material and have separate line 1tem for each 
run. Incidentals 7nclude eartHwork, te.strng, hook up fees, etc. These quantiti es do not include 
demolition of existing utii 1Ues. real estate/ easements, design tees. Describe the owner if K,nown, and 
whether utility franchise Will install (e.g .. electric iS typically Inst alled by electrical ltanci'Use) 

W ater LF NA 
Gas LF NA 
Electric LF NA 
S f!Wer LF NA 
Telecommunications LF NA 
Other LF NA 

Roadwa /Railw ay 
Roadway Type SF NA 
Roadwa - Traffic Sianal LS NA 
Culvert (type LF NA 
Culvert- Jackin LF NA 
Culvert - Horizontal Pile Drivin LF NA 
Bridae - Foundations Deck and A urtenances SF NA 
Railway- Box Girder SF NA 
Railwav - Foundation LF NA 
Railw av- Shoe flv LF NA 

Permanent Access Featur.es 
Roads Level NA 
Uti I ity A ccess Routes vanes NA 
E rosfon Control Features L .F. NA 

PubUc Access or Recreation Features 
Trails SF NA 
Bndges SF Wooden Pedestrtan/maintenance acc·ess bridge, 15tt x 1801f-b ridge across Breach Area C-insatall pre-

2700 fab brid.Qe across breach wait until lonq-term equilibrium 1s established 
Kiosk EA NA 
Restrooms EA NA 
Interpretive Signs EA NA 
Parklhu Area SF NA 
Other EA NA 

VegetatiOn & Erosion Control 
HydroseedinQ AC NA 
Plantino AC NA 
Ve etation Maintenance AC-YR NA 
Erosion / sediment BMPs - Temp. AC NA 
Erosion /sediment BMPs- Permanent AC NA 
rwaterside controls - Tem porarv EA LF LS NA 

Construction Managema1t 
Quantity based on construction duration! # of construction seasons; 2 weeks for 
mobilization/demobilization, 1.5 week for clear and grub, 4 .8 weeks for levee lowering, 1 week for 

Construction oversi.Qht weeks 9 breach excavation. 2 weeks for pedestrain bridqe: some work overlap.s 
Materials testi 
P rooonent In-kind Services Man-Davs NA 
Government Oversiqht Man-Davs NA 
Quality Control & Testin L .S. NA 
Qualitv Assurance With Testina L .S. NA 

Design 31ld Detailed Site Investigations 
s urve & Pro ertv. Utili Research LS 1 % of construction cost 
35% De.sign LS 1 35% x 25% x En ·neer's Estimate 
65% desian LS 1 65% x 25°/o x En ineer's Estimate less the cost for 35% PS&E 
90% desian LS 1 35% x 25% x En ineer's Estimate less the cost for 35% + 65%PS&E 
100% desi n LS 1 25% x En ineer's Estimate less revious costs 
Geotechnical Studies Refer to desi n re ort for descri tfdn of need 
Cultural Studies Refer to desian report for descri tion of need 
H TWR Studies Refer to desiqn re ort for descri t1on of need 

Pro ectAgreementActivities Unabl e to proVIde credible estllnate at 10"/,> design 

Slte-6pecific Adaptive Management Features & A cavities List ffknown 

Monitoring ActiVities Assume 5 crew-daysfVear for each monitoring parameterln design report for 5 yrs 
Monitorina Tvoe crew-davs 125 

Q.2_erations & Maintenance Unable to btDVIde credible estimate at 10%, Oesla/1 
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ANNEX 2: COST ESTIMATE DETAILS 
Cost estimate details include estimated costs, anticipated construction schedule, and risk 
register.  
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Print Date Tue 16 September 2014 

Eff. Date 6{17/2014 

Labor IDe NLS2012 EO ID: EP11R08 

U.S. Army Corps of Engineers 

ProJect ; Spenoet Island Restoration 
PSNERP Feasibility Report 

Spencer tsl·and Restoration 

OBJECTIVE: Remove levee, ev.pand and construct breaches to enhance wetland d.evelopmenl 

SELECTED ALTERNATIVE: Thts estimate Is for the Parbal Rsatoratfon AlternaUve 
BASIS OF COSTS: Mil English Costbook and asso.ciated libraries. vendoor pricing. and buill crews 

Estimated by 
Designed by 
Prepared by 

Preparation Date 
Effective Date of Pricing 

Estimated Construction Time 

NWS, Cost Engineering Section 
NWS, Design Branch 
Daniel lowry, PE, ·ccc 

6/17/20'14 
6/17/2014 
402 Days 

This report ir; not copyrighted, but the informatio11 co,talned herein is For Official Use Only 

Currency in US dollars 

Title Page 

TRACES Mil Version 4.2 
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Print Date Tue 16 September 2014 
Eff. Date 6/17/2014 

Designed by 

NWS, Design Branch 

Estimated by 

NWS, Cost Engineering Section 

Prepared by 

Daniel Lowry, PE. CCC 

Direct Costs 

LaborCost 

EQCost 

MaHCost 

SubBidCost 

U.S. Army Corps of Engineers Time 17:02:01 
Project : Spencer Island Restoration 

PSNERP Feasibility Report library Properties Page i 

Coslbook CB12EB·b: Mil English Cost Book 2012-b 

Labor NLS2012: National Labor Library · Seattle 2012 

Design Document Final Feasibility Report 

Document Date 6/17/2014 

District Seattle District 

Contact John Dudgeon, Chief Cost Engineering 

Budget Year 2015 

UOM System Original 

Tlmellne/Currency 

Preparation Date 6/17/2014 

Escalation Date 6/17/2014 

Elf. Pricing Date 

Estimated Duration 

Currency 
Exchange Rate 

6/17/2014 

402 Day(s) 

US dollars 
1.000000 

w.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable. In a non-union job the whole fringes are taxable. In a union job, the vacation pay fringes is It 
Labor Rates 

Narl Labor 2010 

LaborCost2 

LaborCost3 

LaborCost4 

08 NORTHWEST 
Sales Tax 5.40 

Working Hours per Year 1,540 
Labor Adjustment Factor 1.05 

Cost of Money 2.50 

Cost of Money Discount 25.00 
Tire Recap Cost Factor 1.50 

Tire Recap Wear Factor 1.80 
Tire Repair Factor 0.15 

Equipment Cost Factor 1.00 
Standby Depreciation Factor 0.50 

Labor 10 : NLS2012 EQ 10 EP11R08 

Equipment EP11R08: Mil Equlpment2011 Region 08 

Fuel 
Electricity 0.072 

Gas 4.000 
Diesel Off-Road 4.000 

Diesel On-Road 4.500 

Currency in US dollars 

Shipping Rates 
Over 0 CWT 28.32 

Over 240 CWT 26.60 

Over 300 CWT 24.23 

Over 400 CWT 22.06 

Over 500 CWT 11.26 

Over 700 CWT 9.51 

Over 800 CWT 6.48 

TRACES Mil Version 4.2 
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Print Date Tue 16 September 2014 

Eff. Oate6fl7/2014 

Laber 10, NL$20'12 EO ID: EP11ROS 

U.S. Army Corps of Enijineers 

ProJect ; Spencet Island Restorauon 
PSNERP Feasibility Report 

Currency in US dollaroo 

Ubrery Properties Page II 

TRACES Mil Version4 .2 
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Print Date Tue 16 September 2014 
Eff. Date 611712014 

Direct Cost Markups 

Productivity 

Overtime 

Standard 

Actual 

Day 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 

Sunday 

Sales Tax 

Mat/Cost 

Contractor Markups 

JOOH 

HOOH 

Profit 

Bond 

Excise Tax 

WAB&O 

Owner Markups 

Escalation 

Contingency 

SIOH 

StartDate 

Days/Week 
500 

500 

OTFactor 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

2.00 

Labor ID: NLS2012 EO ID: EP11 R08 

U.S. Army Corps of Engineers 
Project : Spencer Island Restoration 

PSNERP Feasibility Report 

Category 
Productivity 

Overtime 

Hours/Shift 
8.00 

8.00 

TaxAdj 

Category 

JOOH 

HOOH 

Profit 

Bond 

Excise 

Excise 

Category 

Escalation 

Startlndex 

Contingency 

SIOH 

Working 

Yes 

Yes 

Yes 

Yes 

Yes 

No 
No 

Shifts/Day 
1.00 

1.00 

EndDate 

Currency in US dollars 

Method 

Productivity 

Overtime 

1st Shift 
8.00 

8.00 

2ndShif1 
0.00 

0.00 

OTPercent 

0.00 

Running % on Selected Costs 

Method 

Direct% 

Running% 

Running % 

Running% 

Running% 

Direct % 

Method 

Escalation 

Running% 

Running% 

End Index 

Time 17:02:01 

Markup Properties Page iii 

3rdShif1 
0.00 

0.00 

FCCM Percent 

0.00 

Escalation 

TRACES Mil Version 4.2 
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Print Date Tue 16 September 2014 U.S. Army Corps of Engineers Time 17:02:01 
Eff. Date 6/17/2014 Project : Spencer Island Restoration 

PSNERP Feasibility Report Project Cost Summary Page 1 

Descri lion Quantity UOM ContractCost Escalation Contingenc;t SIOH ProjectCost 

Project Cost Summary 2,442,772 0 0 0 2,442,772 

Spencer Island Restoration 1.00 LS 2,442,772 0 0 0 2,442,772 

Fish and Wildlife Facilities 1.00 LS 1,397,794 0 0 0 1,397,794 

Wildlife Facilities and Sanctuaries 1.00 LS 1,397,794 0 0 0 1,397,794 

913,56516 913,56516 

Relocations 1.00 EA 913,565 0 0 0 913,565 

913,56516 913,56516 

Cemetery, Utilities, & Structure 1.00 EA 913,565 0 0 0 913,565 

Cultural Resource Preservation 1.00 LS 131,413 0 0 0 131,413 

Cultural Resource Preservation 1.00 LS 131,413 0 0 0 131,413 

Labor ID: NLS2012 EQ ID: EP11 R08 Currency in US dollars TRACES Mil Version 4.2 
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ID 
0 ~••K l'lame -~~ura~oo stan ~ris:n ~~Ptec:Jeeessefs !Resource Names _ atrb..?01_8 -±QJL~201~- _ <;!L4, 20lt - Otr 1._2Q!!_ OJL?,_20_!!L_ ~[_J,~Ol_L_ s.p-i .\•.ar Bi!f_J May Jun Jul AI!Q_ Sep Oct NO\' O•e Jan Feb ..... A(Jf M~ .Aln Jut __ AIJg_ 

I G4 5 Spotncftr Jslantl Rntotaiiof1 Pi:lrUl!lll AU. 3$1.51dayt> Mon4r.l/18 Tuv816119 ' -,- [06] Fisll and Wildlife Faclltthts 351.56 days Mon4f2118 Tue 818119 ' -y- (06 03) Wildlife Facllfties and Sanctuaries 3S1.56days Mon4n/18 Ti.Je 81'6119 ' • 3 Mobilutlcn 12 days Monl./2/18 Tue-11'17/18-

~~ - 5- Preconstructlon Survey Sdays Wed 4/18/18 Tue 4!2411&• 
6 Cleer&Gn~b 15da~ Wed4P5/Ie Tue 5/15/165 
7 

~ 
ErOStOn and Seclmeot Contrd Mouures • I 91 .. ,.. Wed ;/16/18 Wed9119/i&6 

8 Instal Barncades and Sions 4.5 hrs 11>09/20118 Tl>U9/201187 

~~ 9 Breacn Le.-ees. 16 days 11>0912011 8 F/1 10f12/l8 8 

10 l~!!rle'llei!S ~days Frl f011211B Fri 1,30118 9 
.11 OV.IControl 77da~ Moo </2/18 Tue711711& 

12- Flaogers 39 daY$ lnu9/20/18 Wed 1111 4/188 
fl :E3 Pedeslrlan Brt<IQEt • Install rocmg 2da~ Ff1 10MII8 Tue 10116/18 9 

~ 
,. Pedes-trian Bod_ge • lnsh!:ll W31l end Wing.tA 6day. Toe 10/16/18 Wed 1012:411& 13 
i 5-- :av- Pedes1Ji11:\ Bnd.oe • M"nutadure Bdc1ge 76 days Wed4118116 Fri5/2SJ1$4 ~ 15 Pedestrian Bn<loo • Haul Seomenls 24da~ Mon5128118 Thu 6®1$ 15 
,r-- Peaestrian Btl<lge • Install 5ejplents <days Wed 10/24!16 rue 10130118 16,14 
1& vegetation t63 ctays Fri 10112116 WO<IS/291199 -,;.- , __ Erosion and Sctinicnt Conlrd r..teesurn- J 49 days Wed5129/19 Ttic &511916 

~ 2o 1v- Runc:we B&rric&de$ N"d Sians I cloy Tue 10130118 Wed 10/3111811 
21 POGl Con~NCCiOn Sur'Ve":l 5d3yo Wedlll/31/18 Wed 1 11111& 20 
22 oemoomzauon 11 .. ~ Wed 11n118 ThY 11/22118 21 

'23 (18] Cultural Resm.ce PrKervaUon 28days Mon412/18 Wed519118 ,__. 
2~-- (18 00) Cultural Re$ource Pl eserv~lon 28days Mon 412/18 Wft!t 519h8 ,__. 
25-- E Survev 5days Moo4f2118 Fn41SJ18 

~ 26 0 Rep at 13da~ Mon4/9!16 We<1 4125/18 25 

:1-- conJUa3"1lct~ Sdays Thu 4126/16 VVea 512118 26 

?6 Pdontiel NRHP EYal~don 10 days Thu4J26118 Wed5•91182!i 

Prqecl' SpencM isiMd Reslon>li<lO,rn I Tasl< P1ogress Surrmary External Tasks [H.,ad:Ine -c. 
Dale Mcn 7nl14 Split ............................. Ml~stO"\C () Prq'ec:t SJmmaty . J External Mllcst0'1e 

Pllge: 1 
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Telegraph Slough Phase 1 & 2 Full Alternative 10%- PDT R1sk Reg1ster (Draft) 

LOW ... ....... 

LOW ,..,._ 

Project Title Hete) Project. any c::os:t Impact of S Million or hlgher should be considu.ct at least "S'gnifleant."' 
should be considered at~~ .. ._.,.uglnal."' 

ProJect Title Here) Project, any schMtulel"'ftad of months or greater shou)d be consider~ at least "'Signtncant." 
months should be considered at least "'Marginal,"' 

MOOEAA.1E " 

LOW ... ...... 

LOW ......... 
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""' ........... 

lOW 

to the R•sk ldertl".cauon Checktst and through dehberahon and sl\Jdy d the POT 

O!sc;u6Stons anOCO'lOOn'••'"""'""'"'"R"k.ll:>wortl.l'lltv Events a no lnclu<lt$ a~ as.st.rnp&IOn& 01 rlrOnQ$ (sT'IOI.IId COt'IIBIO tnlor1'1"0tl011 penu·-er'lt to~ stuct,o an:l anetyM or event's 1rnpect to Ploted) 
UkefihOod ra a mea.sure of the p-ob3bky of the event 000\J"rtf-Q •• Vety Unlikely Unlikely, Moderately Likely Likely Very Likely. The li6Ceinooa r:1 rte e\lent will be the. same torbotn Cost and S<lhedu6e regau:leasd lff1)act 

Wnpactrr. a measure ofthe event'li effect on prqecc oo,ecti'Veswltfl relation to $COpe oo&,. and/Of sche<Ue - Nf!gllg ible Marginal Slgni(~eant, Critical or Crisis. lm(»Ct$ oo Protect CoSI may vary lfl 6eV£!nty from trnMCIS on Pr{lfeC' ScnediJe 
Rt5k Levell& the re5Uitant olllk.ellnOQcJ a no Impact Low, Moderate, Ot H!gh Refer to the matn• lOcated at top of p39e 

6 Ya!le:nce Drstttbt.tlon rdert to the eerev!Of of tM tndNid\.bl ''-" i!M1 With re~ct to 1!5 potf!nllaf ~feelS on Pro)«:t O>Q ana ~le For @~, an ltffl'l with Olear~ oennea parameolf:rs ant:t a Ml~ roost !il<ely &eenartO 'NOlA<l prooe~ lolkJw a tt\8ngul:!r 01 norl"r"'al ttlsttiDUIOn A NU ttem I Of which the POT hali htUe d!lta or prob.\blltty 
of rmdehrQ wrlh respect to effool& on~ or !IC~ (• e "aoyone's guess") would probBOfy fo&tow a ~~form or di9Ciete ~S~tfottn dllitnbtAIOO 
1 Tne resporn;1b!l!y Of Po::::" lte en11ty 1espot"'SStl!e as tne Sut::,ecl Metter Expen (SME) for act100 rnon1tonl"'g, or •nlormatKtn on tne POT for the lder(lfied nsk oropp;YlllrJ!Y 
8 Correlation recogrl.Zes thoSe rt£JI: e<v@nts that rnay be •elated to one another. Ca•e should be given to ensure the n5ks are Mrded correctly Withol.i a "tk'ltbbe CCM'Itlrg" 
9 AffedecJ Prqect Coolponet1 iOentlf.es fhe.iopeof.e «em or th& ptotf'CI to ..,..orttne nsk dlroe<:Hyot strongly eorrelates 

10 PfO!ect lfll)IIC8bon& identlf.es wt'letllef or not the nsk llem affects pro,ect ~. project scheWie, or both The POTtS responsible for conductu"g studle$ f ()( both PrOjeCt Cost ard for Pro,ect Schedule 
11 Results of the nsl< •dent•hcat ton prooess are Sl:l..ICied and fu1her developed bf the Cost Eng.neer, then analyZed ti'Yout,1l the Monte Carlo Ana~1s Method for Cost (COf'tlf'l9£'f"'CY) and Schedule (Escalation) Grcmth. 
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11‐1 GENERAL	–	TELEGRAPH	SLOUGH	PHASE	1	AND	2	
11‐1.1 Overview	of	Restoration	Site	
The Telegraph Slough site is located in the Whidbey Subbasin of Puget Sound. The restoration site covers 
over 1,240 acres and is bounded by Padilla Bay on the north, Telegraph Slough on the east and south, and 
the Swinomish Channel on the west. Beginning in the 1860s, and continuing into the early 1900s (exact 
date unknown), the estuary was reclaimed for agricultural use through the installation of approximately 
3 miles of tidal dikes along the Padilla Bay shoreline (north of the State Route 20 causeway), and about 2 
miles of riverine dikes along the east side of the Swinomish Channel. The U.S. Army Corps of Engineers 
(USACE) converted the Swinomish Channel from a natural slough to an 11-mile-long dredged navigation 
channel in 1937 (Historylink.org, 2004).  

State Route 20 and the Burlington-Northern Santa Fe (BNSF) railroad right-of-way block tidal influence 
to portions of the estuary south of these transportation corridors. A series of tide gates drains the south 
portion of Telegraph Slough to the Swinomish Channel. Most of the land outside public road rights-of-
way is privately owned and in agricultural use. A commercial marina and dry stack boat storage facility 
(Twin Bridges Marina) border the Swinomish Slough on the north side of State Route 20.  

The Telegraph Slough site is one of nine sites selected to address River Delta restoration objectives to 
protect and restore freshwater input and tidal processes where major river floodplains meet marine 
waters. The restoration is intended to restore the following processes: 

 Tidal flow 

 Freshwater input (including alluvial sediment delivery) 

 Erosion and accretion of sediments 

 Distributary channel migration 

 Tidal channel formation and maintenance 

 Detritus recruitment and retention 

 Exchange of aquatic organisms 

The restoration aims to restore tidal hydrology and channel-forming processes to historic distributary 
slough channels connecting the Swinomish Channel to Padilla Bay, restore tidal hydrology to diked 
farmland that was historically estuarine marsh, and increase freshwater inputs to Padilla Bay. Most of the 
existing dikes along Telegraph Slough, Padilla Bay, and Swinomish Channel (east) would be removed 
along with existing tide gates. Telegraph Slough would be spanned by bridges at the State Route 20 and 
BNSF railroad crossings. A new setback dike along the east and south sides of Telegraph Slough, south of 
State Route 20 and connecting to the east Swinomish Channel dike, would contain flood flows and 
extreme tides coming into the area from the Swinomish Channel and prevent flooding to the south and 
east. Construction of new culverts and a fish-passable tide gate in the southeast portion of the new setback 
dike on Telegraph Slough would convey drainage from two channels southeast of the site. . The proposed 
restoration activities include the following:   

 Levee removals; 

 Channel creation and rehabilitation; 

 Hydraulic modifications; 

 Alterations to bridges and other transportation elements; 

A restoration alternative that would restore a smaller portion of the estuary was considered but not 
selected during cost effective analysis; see Chapters 4 and 5 of the Feasibility Report for a complete 
discussion of the evaluation of alternatives. 



 

Engineering Appendix  Section 11 
Telegraph Slough   Page 3 

Details of the restoration design are provided in Section 11-6 and shown on the exhibits provided in Annex 
1. Figure 11-1-1 shows the Telegraph Slough site and vicinity. 

 
Figure 11-1-1. Telegraph Slough and Vicinity 
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11‐2 HYDROLOGY	AND	HYDRAULICS	
Telegraph Slough lies at the south end of Padilla Bay near the estuary of the North Fork of the Skagit 
River. The Skagit River drains a vast watershed of over 2,700 square miles and splits into North and 
South Fork distributary channels west of Mount Vernon (Figure 11-2-1). Average annual precipitation for 
this watershed is 101 inches per year.  

The site is bounded on the north by Padilla Bay, on the west by the tidal Swinomish navigation channel, 
and by the east and south banks of Telegraph Slough. In addition to the flow from the Skagit River 
watershed, which contributes to this area only during flood events, over 14 square miles of local drainages 
flow to Telegraph Slough under normal conditions (Figure 11-2-2). The average annual rainfall for the 
local drainages is approximately 29 inches per year.  

 
Figure 11-2-1. Telegraph Slough – Skagit River Watershed 
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Figure 11-2-2. Telegraph Slough - Local drainage area (Source: USGS Streamstats) 

The project site encompasses coastal lowlands bordering Padilla Bay and the Swinomish navigation 
channel. It lies north of the city of La Conner and is traversed by State Route 20, a railway line and a 
number of utilities. Almost the entire project area lies below the 100-year flood elevation. The hydraulic 
intent at this site is to restore aspects of natural river and tidal flow to Telegraph Slough. The proposed 
work at this site is intended to increase the frequency of flooding in uninhabited riparian and coastal 
areas. Flood impacts will be mitigated by use of dike setbacks, raised roadways and the installation of tide 
gates and other flow control structures. The restoration is not anticipated to affect the 100-year or 500-
year return interval flooding. No new dikes are planned for this site; however, a new setback dike is 
planned. 

The hydraulics and hydrology for all restoration sites in the Puget Sound Nearshore Ecosystem 
Restoration Project were evaluated using an area of potential hydraulic effects specific to the construction 
requirements for each particular site. The limits of the area for this site were established using 100-year 
base flood elevations derived from a combination of Federal Emergency Management Agency (FEMA) 
Flood Insurance Rate Maps and Flood Insurance Studies as well as USACE base flood elevation 
determinations. 

According to the 100-year base flood elevation as determined by FEMA for unincorporated areas of Skagit 
County, community 530151 (revised 1985), the entire site lies well within the 100-year floodplain and 
away from floodplain boundaries. Figure 11-2-3 shows the area of potential hydraulic effects for Telegraph 
Slough as identical with the required project lands. The base flood elevation varies between 12.8 feet 
(NAVD88) on portions of headlands facing Padilla Bay, 12.3 feet (NAVD88) for the Padilla Bay area 
(FEMA, 2009), and 11.8 feet (NAVD88) for areas upstream and in the Swinomish Channel. High water 
elevations depend primarily on coastal flooding from storm surge and atmospheric effects in Puget Sound, 
as well as flooding from the Skagit River. 

This delineation of the area of potential hydraulic effects assumes that construction will not substantially 
affect dikes or infrastructure on adjacent properties because of the depth of inundation and the relatively 
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low energy losses (energy gradients) in this area during flooding. While this is a reasonable assumption, 
the new site geometry may affect flow patterns and velocities. During Project Engineering and Design 
(PED), the current hydrodynamic model of the Skagit River estuary and Padilla Bay will be revised to 
reflect the changed geometry and to confirm the extent of hydraulic effects from the project. The limits of 
the area of potential hydraulic effects do not incorporate the potential for sea level change but this is 
discussed in Section 11-2.1.9. 

 
Figure 11-2-3. Telegraph Slough: Area of potential hydraulic effects 

11‐2.1 Functional	Design	Requirements	
This section describes the hydrologic and hydraulic setting for the site and the intended hydraulic 
consequences of the design features. 

11‐2.1.1 Consequences	of	flows	exceeding	discharge	capacity	of	the	project	

The purpose of this site is to restore natural tidal flow and sediment transport to Telegraph Slough. Water 
control structures at this site include tide gates, setback dikes, and culverts. Flows in excess of the design 
discharge for these structures and facilities may result in local flooding of areas adjacent to and upstream 
of these structures. Another possible impact is scour downstream of water control structures due to 
accelerated flows and overtopping. These consequences will be assessed during PED. 

Flow control at this site may require the installation of a diversion structure at the junction between the 
Swinomish Channel and Telegraph Slough. The need for this structure, its design, and its potential effects 
on hydraulics and sedimentation will be evaluated during PED. 
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11‐2.1.2 Project‐induced	changes	obligating	mitigation	

Mitigation, in the context of this site, applies to compensating local stakeholders for any loss of function 
or detrimental project-induced changes. The possible project-induced changes obligating mitigation, as 
identified at this stage of design, are summarized below: 

 Roadway realignments, dike setback, and relocation of utilities may require right-of-way changes 
affecting local stakeholders. The project scope includes removal of the dike and dike crest 
unpaved road (Channel Drive) along the east bank of the Swinomish Channel.  This will limit 
access between State Route 20 and communities further south on Channel Drive. 

 Railway and roadway modifications planned at the site may cause temporary access interruptions 
on State Route 20 during the construction period. The road accessing the Skagit Wildlife Area will 
also likely be unavailable during the construction period. 

 Private properties in the floodplain will likely experience some changes in flood patterns as a 
result of the work at this site. The restoration plan calls for the removal of residential structures 
within the site; however, properties upstream and across the Swinomish Channel may be affected. 
The extent of the flooding changes will be addressed during PED. 

 The removal of flow restrictions such as dikes and culverts, the excavation of channels, and the 
installation of raised roadways will allow the mobilization of sediments that have been 
impounded in the marshland. This may have temporary sedimentation effects on local vegetation 
and aquatic species in and around the site. The amount and potential areas of sedimentation will 
be addressed during PED. 

11‐2.1.3 Discharge‐frequency	relationships	

The predictions for river discharge for the Skagit River are taken from USACE’s Skagit River Flood Risk 
Management Feasibility Study (2013). The study used weighted hydrographs taking into account the 
effects of seasonal variation in flood control storage at Ross and Upper Baker Dams. In addition, the study 
also considered coincident flood hydrographs from several tributary unregulated watersheds. The 
estimates for the Skagit River near Sedro-Woolley are shown in Table 2-2-1. Also shown are discharges 
from a FEMA Flood Insurance Study (FIS) compiled for Skagit County in 2009 (FEMA, 2009). 

Table 2-2-1. Peak Discharge – Frequency predictions for Mainstem Skagit River at Sedro-
Woolley 

Method 
10-year 

(cfs) 

50-year 

(cfs) 

100-year 

(cfs) 

500-year 

(cfs) 

USACE (2013b) 133,000 197,400 235,700 325,400 

FEMA Draft FIS 
(2009) 123,610 183,780 215,270 322,900 

Discharge at the site will likely vary due to significant overbank flow and variability in flood flow routing 
near the junction of the North Fork and South Fork Skagit River. In the vicinity of Mount Vernon, flood 
flows above 160,000 cfs are distributed to the surrounding floodplain due to overtopping of levees and 
riverbanks.  Downstream of Mount Vernon, flow in the Skagit River splits into the North Fork and South 
Fork branches, distributing about 50 percent of the flow into each channel. In addition, planned flood 
protection measures currently under consideration for the Skagit River system, may affect both water 
surface levels and flood flow routing in the Skagit River Estuary. 

The site also receives freshwater discharge from nearby Higgins Slough to the south and other local 
sources. Discharge-frequency relationships for this local drainage were estimated using USGS regression 
equations for Washington Region 2 (Knowles and Sumioka, 2001). Estimates are shown in Table 11-2-2 
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Table 11-2-1. Peak Discharge – Frequency predictions for Telegraph Slough from local area 

Method 
10-year 

(cfs) 

50-year 

(cfs) 

100-year 

(cfs) 

500-year 

(cfs) 

USGS Regression 251 353 393 504 

11‐2.1.4 0.2%	chance	of	exceedance	flood	(500‐year	return	interval	flood)	

Since State Route 20 passes through the project site and is a critical accessway to Whidbey Island and 
Anacortes, the 500 year return interval flood needs to be evaluated. The area of potential hydraulic effect 
for Telegraph Slough is dominated by storm surge from Padilla Bay and from the Swinomish Channel. 
The 500-year return elevation of the coastal base flood will be determined in PED. It should include 
factors such as storm surge and atmospheric effects. The 500-year return discharge from the Skagit River 
and local drainage area will also be determined in PED. Discharge at the site will likely vary due to 
significant overbank flow and variability in flood flow routing near the junction of the North Fork and 
South Fork Skagit River. In the vicinity of Mount Vernon, flood flows above 160,000 cfs are distributed to 
the surrounding floodplain due to overtopping of levees and riverbanks and will require a 2-D model. 

11‐2.1.5 Stage‐discharge	relationships	

The FEMA Flood Insurance Study (FEMA, 2009) computed stage-discharge relationships for the Skagit 
River Estuary using FLO-2D from river mile 22.4 to Padilla Bay. Although the computed elevations from 
the FEMA study were not presented, the report states that the downstream boundary condition used on 
the North and South Forks of the Skagit River was a tidal hydrograph, with a primary peak at Mean 
Higher High Water (8.39 feet NAVD88), a secondary peak at Mean High Water (7.49 feet NAVD88), and 
a low at Mean Low Water. In order to forecast new stage-discharge relationships and effects on adjacent 
levees in the Skagit River delta, a revised 2-D hydraulic model will have to be implemented which reflects 
the proposed geometry of the site. This will be addressed during PED. 

11‐2.1.6 Flow	duration	

A flow duration analysis will be carried out as part of the 2-D modeling effort. 

11‐2.1.7 Flood	inundation	boundaries	and	flood	stage	hydrographs	

Figure 11-2-4 shows the flood inundation elevations for the 100-year flood event reported by FEMA in the 
Skagit County Flood Insurance Study (FEMA, 2009). In order to forecast changes in flooding patterns, a 
revised hydraulic model will have to be implemented which reflects the proposed geometry. This will be 
addressed during PED.  
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Figure 11-2-4. Current FEMA 100-year flood zone as adapted from Flood Insurance Rate 

Map (FIRM) 530151-0250C (FEMA, 1985) (elevations in NGVD29, NGVD29 + 
3.79=NAVD88) 

11‐2.1.8 Reservoir	yields	

No reservoirs are planned as part of this site. (Not applicable.) 

11‐2.1.9 Risk	and	uncertainty	analysis	for	sizing	of	the	project	under	study	

Channel sizing 

Required channel size parameters were determined using the methods presented in the Applied 
Geomorphology Guidelines and Hierarchy of Openings (an attachment to this engineering appendix). 
Table 11-2-3 shows the marsh area which can be used to determine required channel size. Table 11-2-4 
shows that the top width of the channel at Mean Higher High Water should be approximately 330 feet. 
The conceptual plan calls for five 136-foot-wide bridge spans which will allow full connectivity of the 
system. The maximum channel depth from Table 11-2-4 is 15 feet below Mean Higher High Water. 
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Conceptual plans assumed a minimum channel elevation of 4 feet (NAVD88) similar to the existing 
channel elevations so the channels are expected to incise. The actual channel depths in Telegraph Slough 
will need to be verified during PED.  

It is unclear what effect this project will have on the adjacent federal navigation channel in the Swinomish 
Channel. Potential channel infilling of both Telegraph Slough and the Swinomish Channel and evolution 
of interior channels should be analyzed to determine long-term stability of the site. This will be addressed 
during PED. 

Table 11-2-3. Inputs used to determine channel sizing. 

Component Marsh Area (acres) 

Anticipated Marsh Area 1,115 

Table 11-2-4. Channel parameters for tidal flow and combined tide and river flow. 

Parameter Marsh Area 

Max Channel Depth Below MHHW (feet) 15 

Channel Top Width at MHHW (feet) 330 

Channel Cross-Sectional Area at MHHW (SF) 2839 

Sea Level Change  

Telegraph Slough is located in the San Juan Islands – Georgia Strait Sub-basin of Puget Sound. Sea level 
change calculations for the San Juan Islands – Georgia Strait Sub-basin are based on the Friday Harbor 
tide gauge and are calculated using the guidance under ER 1100-2-8162 Incorporating Sea Level Change 
in Civil Works Programs (USACE, 2013). Table 11-2-5 shows the range of sea level change projections for 
the 50-year project life, indicating a maximum sea level change of 3.55 feet in 50 years. The largest risk 
associated with sea level change at this site is the displacement of habitat upstream, with freshwater 
habitat becoming intertidal habitat and intertidal habitat becoming subtidal habitat. Tidal marshes can 
adapt to sea level change by building elevation to keep pace with the rising water levels, but this requires 
an adequate supply of sediment and/or organic matter accumulation. Future studies should include a 
sedimentation analysis to determine what impact the project will have on sedimentation rates and if there 
is sufficient sediment accumulation to keep pace with the projected sea level change.  

Table 11-2-5. Projected Sea Level Change (feet) Friday Harbor (Gauge 9449880)  

Year Low  (feet) Intermediate (feet) High (feet) 

2035 0.16 0.32 0.84 

2045 0.19 0.44 1.24 

2055 0.23 0.58 1.7 

2065 0.27 0.74 2.24 

2075 0.3 0.92 2.86 

2085 0.34 1.11 3.55 
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Water quality conditions 

No water quality information has been reviewed for this site. Anticipated water quality effects are as 
follows: 

 Construction-related turbidity and suspension of sediments into the surrounding waterways may 
occur due to the removal of the roadbed, dikes, and tide gates. Site access is currently planned to 
be over land or by temporary access road only. Fill removal, construction of new dikes and 
embankments, filling of ditches, and excavation of new channels should be carried out to prevent 
introducing sediments into the waterway. Planning during PED should evaluate the best and most 
cost effective methods for dike and channel excavation and near-water construction. These may 
include excavating during extreme low tides, installing silt curtains, or possibly using a 
containment structure for work in the dry. Excavation activities and construction of bridge piers, 
railways, and roadways should occur prior to removal of tide gates and dikes to minimize 
sediment impacts to the waterway. 

 A temporary increase in sedimentation may occur downstream of the site because of the release of 
sediment during the formation of new distributary channels. These effects, together with other 
sedimentation issues, will be evaluated during PED. 

 It is likely that the increased tidal prism at the site will increase salinity. If needed, water quality 
sampling and analysis of water quality effects can take place during PED. 

11‐2.1.10 Groundwater	conditions	

No groundwater information has been reviewed for this site. The extent of freshwater seepage into the site 
and the character of aquifers in the area have not been assessed. Anticipated groundwater issues are as 
follows: 

 Several structures planned for removal are located within the project footprint and may have well 
or septic systems that require decommissioning.  

 The planned dike removal and channel creation at the site will allow for increased tidal prism and 
may be accompanied by changes in groundwater conditions such as a raising or lowering of the 
phreatic surface, gradient changes, or saltwater intrusion. Since the goal of work at this site is to 
restore historic conditions, restoration of historic drainage and salinity patterns is presumed to be 
a desirable outcome.  

 Planned work at the site may affect wells or septic systems (if present) within the community on 
Channel Drive bordering the Swinomish Channel to the south of the site. This and other upstream 
groundwater effects should be addressed during PED. 

11‐2.1.11 Preliminary	project	regulation	plan	

Flow control at this site may require the installation of a diversion structure at the junction between the 
Swinomish Channel and Telegraph Slough. The need for this structure, its design, and its potential effects 
on hydraulics and sedimentation will be evaluated during PED. If the structure is required, an operations 
plan for the diversion structure will be developed during PED. 

11‐2.1.12 Preliminary	Real	Estate	taking	line	elevations	

The current real estate limits are delineated by the project construction area, staging areas, and access 
roads and include the entire potential area of hydraulic effects. Real estate assumptions, valuations, and 
planning documents have been appropriately scaled for the current level of design. As additional surveys, 
modeling, and design are completed during the PED phase, the real estate documentation will be 
modified accordingly. For the current real estate status, refer to the Feasibility Study, Appendix F, Real 
Estate Plan. 
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11‐2.1.13 Criteria	for	facility/utility	relocations	

State Route 20, which crosses Telegraph Slough, serves as a corridor for several regional utilities. The 
hydraulic design and site work required to accomplish the utility relocations are summarized in Table 11-
2-6. More detailed information on existing utilities and coordination with utility providers is needed 
during PED to evaluate the best approach to utility relocation. 

The site plans call for the removal of an existing marina. It is assumed that the marina is not to be 
relocated within the site limits. 

Table 11-2-6. Utility Relocation at Telegraph Slough Site 

Agency Utility Action Required 

Puget Sound 
Energy 
(assumed) 

Electric transmission lines (3) Relocate lines underground below culvert 
inverts within site limits. 

Olympic 
Pipeline 
Company-
operated by BP; 
Trans Mountain-
operated by 
Kinder Morgan 

Petroleum pipeline 
Relocate within limits of slough 
excavation at bridge. Relocate as needed 
west of bridge and at transition to east. 

Unknown City of Anacortes water supply 
Relocate within limits of slough 
excavation at bridge. Relocate as needed 
west of bridge and at transition to east. 

11‐2.1.14 Criteria	for	identification	of	flowage	easements	required	for	project	function	

Aside from the railway and SR-20 roadbed, the entire site lies within the 100-year floodplain limits. 
Additional flowage easements are not currently anticipated for this site. This will be reviewed and 
confirmed during PED. 

11‐2.1.15 Criteria	in	support	of	project	OMRR&R	requirements	

Monitoring needs associated with the hydraulic function of the site are as follows: 

 The newly excavated Telegraph Slough channel and other channels within the site should be 
monitored to confirm that they are developing as expected. 

 Areas adjacent to Telegraph Slough will require periodic monitoring to observe whether excessive 
erosion or sedimentation is occurring that affects either habitat or adjacent properties. 

 Bridge piers should be monitored for signs of excessive scour or accelerating scour at an interval 
to be determined during PED. Bridge abutments and road and railway embankments will require 
periodic inspection to ensure that channel migration is not affecting them and that any slope 
protection is functioning as designed. 

 Periodic inspection of culverts, tide gates, dikes, and any other water control structures will be 
required to ensure their stability and identify maintenance issues. 

 Salinity and pollutant monitoring should be carried out at the site to confirm no significant 
impacts to water quality. 

11‐2.1.16 Environmental	engineering	considerations	

In the context of hydrology and hydraulics, environmental engineering is taken to mean water supply and 
sanitation. 
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Water Supply 

A water main serving the Whidbey Naval Air Station passes through the site. Rerouting of this water line 
and any secondary supply lines will need to be coordinated with local landowners and utilities. Any 
existing water wells within the site will need to be decommissioned as part of the abandonment and 
removal of existing structures. Although it is unlikely that any private groundwater wells will be affected 
by salinity intrusion from increased tidal prism, the location and depth of any wells upstream of the site 
will be reviewed during PED. 

Sanitation 

Some of the properties in and around the site are assumed to be on septic systems. Any existing septic 
systems within the site will need to be decommissioned as part of the abandonment and removal of 
existing structures. The extent to which changes in tidal prism will affect groundwater flow in the site and 
leach fields upstream of the site will be addressed during PED. 

11‐2.2 Residual	Flooding	Consequences	–	With	Project	Flooding	
This section discusses the predicted hydraulic conditions after construction at the site. 

11‐2.2.1 Warning	time	of	impending	inundation	

Aside from regional warnings for possible flooding, no warning system is planned. (Not applicable.) 

11‐2.2.2 Rate	of	rise,	duration,	depth,	and	velocity	of	inundation	

No analysis of rate of rise and flow duration is currently planned for flood flows but this information may 
be available as a result of the hydraulic modeling. In order to forecast the with-project depths and velocity 
of inundation, a revised 2-D coastal and riverine hydraulic model will be implemented which reflects the 
proposed geometry of the restoration and the new infrastructure within the site. The design of a diversion 
structure for the Swinomish Channel – Telegraph Slough junction may require unsteady flow modeling to 
predict responses to a flood hydrograph. 

11‐2.2.3 Historic,	1%	and	0.2%	exceedance	(100‐year	and	500‐year)	flood	extents	

Restoration and construction activities at this site are not likely to significantly affect peak water levels for 
low recurrence floods such as the estimated 100‐year and 500-year events. A revised hydraulic model will 
be implemented which reflects the proposed geometry of the restoration and the new infrastructure 
within the site. Flood elevations will be reviewed during PED and revised as necessary. 

11‐2.2.4 Access	and	egress	problems	created	by	flooding	

The planned railway, roadbed, and bridges in the State Route 20 corridor all lie above the 100-year flood 
elevation so access and egress are not a problem during floods. It is likely that flooding would preclude 
access to the Skagit Wildlife Area since this roadway appears to descend into the floodplain. 

Plans call for removal of the Swinomish Channel dike and consequently the removal of Channel Road 
north of the entrance to Telegraph Slough from the Swinomish Channel. This road is the main access 
northward for residences that line the Swinomish Channel south of the slough. The remaining egress from 
these houses will be by Channel Road south to Downey Road. Northward access for these residences will 
require detouring via Downey Road to LaConner-Whidbey Road. The planned setback dike for the 
southern and eastern edges of Telegraph Slough has a crown width of 12 feet which is not sufficient for 
regular roadway access. The issue of access for the Swinomish Channel residences will be reviewed during 
PED. 

11‐2.2.5 Potential	for	loss	of	life	as	a	result	of	11‐2.2.1	through	11‐2.2.3	

The potential for loss of life as a result of the proposed work at the site is low. Aside from the access issue 
discussed in Section 11-2.2.4 above, the principal risk is to recreational users of the site during floods. 
Recreational use of the site should be discouraged if a possibility of flooding exists. 
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11‐2.2.6 Identification	of	any	potential	loss	of	public	services	

The potential for loss of public services as a result of work at the site is low. Roadway and railway access 
across the site will be maintained for the case of 100-year flood flows. During PED plans for utility 
relocations will take into account issues of flood flows, submergence, and buoyancy. 

11‐2.2.7 Potential	physical	damages	

Potential physical damages that can occur during flooding will be addressed by the hydraulic analyses 
conducted during PED. This will include an evaluation of the need for scour protection on bridge piers as 
well as railway and roadway embankments, setback dikes, tide gates, and culverts. The analysis will 
address channel stability and sediment outflow from the site. 

11‐2.3 Project	Induced	Flooding	–	Change	from	Pre‐Project	Conditions	
This section describes the effects of the proposed restoration on flood elevations, flood patterns, and flood 
frequency Induced flooding was considered in the project formulation resulting in the plan for a setback 
dike to maintain the same level of flood protection as for pre-project conditions. Approximately 10,000 
acres of land will be at risk of inundation if the dike is removed at Telegraph Slough. If the existing dike is 
removed and not replaced with a setback dike, flooding will occur in the town of La Conner, a popular 
tourist destination in Western Washington State. For discussion of the preliminary real estate valuation 
and the estimated construction costs for the setback dike, please refer to Section 6.4.1 of the Draft 
Feasibility Report/Environmental Impact Statement. 

11‐2.3.1 Information	categories	required	by	11‐2.2	

Flooding in Telegraph Slough is dominated by tides and storm surge. Discharge from the Skagit River and 
from the local watershed also affects peak flows. Removal and setback of dikes, excavation of slough 
channels, and other flow modifications at the site are not anticipated to significantly affect peak water 
levels during 100-year floods. Water levels within the site during smaller flood events will be affected by 
the increased tidal prism, the availability of new inflow pathways to the site, and the proposed changes in 
the site geometry. The increased flow in the site is a goal of the restoration effort. Project-induced flooding 
will be evaluated during PED. 

11‐2.3.2 Anticipated	frequency	of	induced	flooding	

Although the proposed work is expected to alter the pattern of flooding within the site and possibly cause 
changes in the Swinomish Channel, it is not expected to change the frequency of flooding in the 
surrounding waterways. Areas within the site will be inundated more often for lower return interval 
floods, and daily from tidal exchange, which is a goal of the restoration effort. 

11‐2.4 Inundation	Risk	0.2%	Exceedance	(500‐year	Return	Interval)	Flood	
Work at the site is not anticipated to appreciably change the 500-year flood elevations at Telegraph 
Slough. The major risk for the 500-year flood in this area is due to sea level change (refer to Section 11-
2.1.9). 

11‐2.5 Hydraulic	Studies	
This section discusses the hydraulic studies, construction considerations, and instrumentation and 
monitoring needs for the site. The anticipated hydraulic studies at this site are summarized in Section 11-
21. 

11‐2.5.1 Hydraulic	roughness	determinations	

No hydraulic roughness determination is currently planned. If a hydraulic roughness determination is 
required to complete the hydraulic analyses, then roughnesses will be determined using a combination of 
aerial photographs and field surveys during PED. 
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11‐2.5.2 Water	surface	profiles	

Current water surface profiles as reported in the FEMA Flood Insurance Study include the presence of the 
tidal dikes on Padilla Bay and the dike on the eastern side of the Swinomish Channel which will be 
removed as part of work at the site. The studies do not include the influence of the new setback dikes 
along the eastern and southern edges of the site, or the other flow controls and channel modifications that 
are planned for this site. In order to predict the with-project water surface profiles, a revised 2-D coastal –
riverine model will have to be implemented which reflects the new proposed geometry and the effects of 
any flow diversion structure installed at the junction of the Swinomish Channel and Telegraph Slough. 
This will be addressed during PED. 

11‐2.5.3 Stage‐discharge	relationships	

Current stage-discharge relationships developed for the FEMA Flood Insurance Study include the 
presence of the tidal dikes on Padilla Bay and the dike on the eastern side of the Swinomish Channel 
which will be removed as part of work at the site. They do not include the influence of the new setback 
dikes along the eastern and southern edges of the site, or the other flow controls and channel 
modifications that are planned for this site. In order to predict the with-project water surface profiles, a 
revised 2-D coastal –riverine model will have to be implemented which reflects the new proposed 
geometry and the effects of any flow diversion structure installed at the junction of the Swinomish 
Channel and Telegraph Slough. This will be addressed during PED. 

11‐2.5.4 Head	loss	

Other than the head losses that will be incorporated into the revised hydraulic model, no additional head 
loss studies are planned. (Not applicable.) 

11‐2.5.5 Flow	and	velocity	

Flow and velocity information from the revised hydraulic model will be used to design flow control 
structures such as the diversion structure, tide gates, and culverts, and to assess the possibility for 
sedimentation, scour, and bank erosion in and around the site. 

11‐2.5.6 Structural	sizing	needed	to	meet	design	capacity	including	slope	protection	

The hydraulic analysis conducted during PED will include the sizing of channels, tide gates and culverts to 
ensure adequate tidal interaction. It will also evaluate the need for bank, bridge pier, and abutment scour 
protection within the site and slope protection along the Swinomish Channel, Telegraph Slough, and 
Padilla Bay. 

11‐2.5.7 Water	control	facilities	

The water control facilities planned at this site include dikes, tide gates, culverts, and possibly a flow 
diversion structure. Specific designs are not yet formulated for these structures and design calculations 
have not been reviewed. Design of all these features will be addressed during PED. 

11‐2.5.8 Energy	dissipating	facilities	

It is assumed that the possible diversion structure will not require flow stilling or energy dissipation as 
part of the design.It is assumed that culvert installation includes normal practices for flow dissipation as 
part of the culvert design and sizing. 

11‐2.5.9 Erosion	control	requirements	

Construction 

The currently planned earthwork for this site does not specify dredging or water-based equipment. Since 
existing slope protection, roadway, bank fill material, culverts, and in-channel sediments will be removed, 
appropriate in-water sediment control measures will need to be used during construction. Any in-water or 
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overwater construction should follow accepted best management practices for both erosion and 
contaminant control. Planning during PED should evaluate the best and most cost-effective methods for 
earthwork close to water, especially with regard to the excavation of Telegraph Slough and the installation 
of bridge piers in the slough. These methods may include excavating during extreme low tides, installing 
silt curtains, and using casings or containment structures for work in the dry. Temporary roadways 
adjacent to waterways need to be engineered to minimize sediment impacts as well. 

With Project 

The hydraulic analysis conducted during PED will include the need for erosion control or scour protection 
on setback dikes, rail and roadway embankments, bridge foundations, and water control structures. No 
erosion control is anticipated outside of the construction boundaries since the goal of the project is to 
reestablish natural erosion and sedimentation processes. However, hydraulic analysis during PED should 
be used to examine possible downstream and cross-channel effects of the work. New and existing slope 
protection should be monitored for signs of erosion at an interval to be determined during PED. 

11‐2.5.10 Existing	and	post‐project	sedimentation	

Although the Skagit River Estuary and surrounding watersheds are an active accretionary environment, 
they are also very dynamic. The North and South Forks of the Skagit River have, in the past, carried 
different proportions of the sediment load and may continue to shift in their relative transport capacities. 
Distributary channels in the estuary may shift or avulse as part of natural sedimentation patterns. These 
shifting patterns may affect the rate and character of sedimentation in the Swinomish Channel and at 
Padilla Bay. If conditions at Telegraph Slough remain as they are presently, the southern portion of the 
site, south of State Route 20, will likely continue to subside from lack of new sediment inflows. The 
removal of dikes and the establishment of an active slough channel network will allow increased tidal 
prism and sediment inflows at the site. The work is also likely to alter flows to the surrounding waterways 
and redistribute sediments impounded as a result of diking. The amount and potential areas of flow 
changes and sedimentation will be addressed during PED. 

11‐2.5.11 Water	control	and	order	of	work	during	construction	

For hydraulic considerations and to minimize erosion of sediment into the waterways, construction 
should be sequenced with rail and roadway work and interior earthwork first and dike removal and 
Telegraph Slough channel excavation last. For further considerations refer to Section 11-2.5.9. 

11‐2.5.12 Criteria	for	facility/utility	relocations	

See Section 11-2.1.13. 

11‐2.5.13 Other	facilities	to	meet	project	goals	

No other facilities are required in order to meet project goals. (Not applicable.) 

11‐2.5.14 Instrumentation	and	monitoring	

A combination of field surveys and aerial photographs will be used to document biological and physical 
changes to the landscape. Monitoring data can be used to refine adaptive management and corrective 
measures, as needed. Some of the key monitoring needs and opportunities are summarized in the 
Feasibility Study. 

11‐2.6 Coastal	Studies	
Telegraph Slough is located in south Padilla Bay along the Swinomish Channel and is only subjected to 
wind waves caused by local winds. Winds measured at nearby Padilla Bay show that the maximum wind 
speeds come from the southerly direction and rarely exceed 40 miles per hour (Figure 11-2-5). This could 
result in wave heights of 3 feet with a period of 3 seconds at the exposed shoreline. There is the potential 
for some erosion of the northern shoreline once the dikes are removed. An erosion analysis should be 
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performed for any areas which will be susceptible to wind waves. The influence of wind wave activity, 
storm surge and wave setup will be evaluated during PED..  

 
Figure 11-2-5. Wind Rose for Padilla Bay 

 

Project plans are based on a Mean Higher High Water tidal datum of 8.84 feet (NAVD88). This datum is 
based on the tide gauge at La Conner, Swinomish Slough (NOAA Gauge 9448558) Major tidal datums are 
summarized in Table 11-2-78. . The final design tidal datums will be reviewed and established during 
PED. Due to the complex tidal hydraulics  a temporary tide gauge will need to be installed at the site to 
determine site specific tidal datums. 

A summary table for the anticipated coastal studies at this site is presented in Section 11-21. 

Table 11-2-7. Major tidal datums for Telegraph Slough La Conner, Swinomish Slough, WA 
(Station 9448558) 

Datum Description  
Water 

Level   (ft, 
NAVD88) 

Mean Higher-High Water (MHHW) 8.84 
Mean High Water (MHW) 7.92 

Mean Tide level (MTL) 4.55 
Mean Sea Level (MSL) 4.45 

National Geodetic Vertical Datum of 1929 (NGVD29) 3.79 
Mean Diurnal Tide Level (DTL) 3.67 

Mean Low Water (MLW) 1.19 
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Datum Description  
Water 

Level   (ft, 
NAVD88) 

North American Vertical Datum of 1988 (NAVD88) 0 
Mean Lower Low Water (MLLW) -1.51 

11‐2.6.1 Design	of	coastal	shore	protection	projects	(ER	1110‐2‐1407)	

This site does not include coastal shore protection. (Not applicable.) 

11‐2.6.2 Effects	on	adjacent	shores	

The project is adjacent to the federally maintained Swinomish Navigation Channel. There is the possibility 
for the project to alter both the salinity and sedimentation patterns around the river delta, potentially 
impacting areas outside the site boundary, particularly the navigation channel. The effects on adjacent 
shores should be evaluated during PED.  

11‐2.7 Navigation	Projects	
The removal of the tide gate on the Swinomish Channel side of the project could have potential impacts to 
the Swinomish Navigation Channel. An increase in flow and sediment transport through Telegraph 
Slough may increase the need for maintenance dredging in the navigation channel. The potential for 
impacts to the navigation channel needs to be evaluated during PED.  

11‐3 SURVEYING,	MAPPING,	AND	OTHER	GEOSPATIAL	DATA	
REQUIREMENTS		

This section describes surveying, mapping, and other geospatial data information to support preparation 
of the feasibility report and the Real Estate Plan (Appendix F of Feasibility Study). A brief outline of 
additional surveying and mapping required for subsequent design, plans and specifications, construction, 
and operations is also included. 

11‐3.1 Surveying,	Mapping,	and	Other	Geospatial	Data	Information	Used	
Geospatial data for the Telegraph Slough site were obtained primarily from remote sensing applications. 
No site-specific topographic, bathymetric, property, or utility surveys were conducted during the 
conceptual design phase. LiDAR, aerial imagery, and other geospatial data were used to delineate 
topographic features, determine surface elevations, and to estimate areas, volumes, lengths, and other 
dimensions of key features using CAD and/or ArcGIS. The Puget Sound Digital Elevation Model (PDEM) 
was used for combined bathymetry and topography of the Puget Sound lowland (Finlayson D.P., 2005; 
University of Washington; State Plane projection in NAD83 (horizontal datum) and NAVD88 (vertical 
datum)  available at http://www.ocean.washington.edu/data/pugetsound) and recent aerial photography 
(Bing Maps Aerial, 2010 Microsoft Corporation and its data suppliers) was evaluated to determine recent 
site conditions. The conversion from Mean Lower Low Water to North American Vertical Datum 
(NAVD88) and to the NGVD29 datum was derived from NOAA’s VDATUM (using the coordinates 
latitude 48.45621944, longitude -122.4923083).  

Information on land ownership was derived from the Washington Public Lands Database. Additional 
parcel data, including parcel boundaries, were obtained from the Skagit County assessors’ office (2010). 
Information on utilities, existing roadway geometry, and other site features was generally scaled off of 
aerial photographs except where as-built drawings were available. A site reconnaissance was performed in 
September 2010.  

Designers consulted the Nearshore Geodatabase for additional site context. The Nearshore Geodatabase is 
available from the Washington State Geospatial Data Archive (WAGDA) at: 



 

Engineering Appendix  Section 11 
Telegraph Slough   Page 19 

http://wagda.lib.washington.edu/data/geography/wa_state/#PSNERP. Metadata are provided in the 
Geospatial Methodology Used in the PSNERP Comprehensive Change Analysis of Puget Sound (Anchor 
QEA et al., 2009) (see Annex B). The geodatabase includes numerous datasets listed below: 

 Shoreline  Overwater structures 

 Bathymetry  Marinas 

 Digital Elevation Model (DEM)  Armoring 

 LiDAR (terrestrial)  Breakwaters/jetties 

 Oblique aerial imagery (from the Washington 
Coastal Atlas) 

 Groins 

 Hydrographic sheets   Dikes 

 Geology  Dams 

 Slope stability  Nearshore fill 

 Drift cells (net shore-drift)  Roads 

 Streams  Railroads 

 Impervious surfaces  Land cover 

Designers also consulted the University of Washington Puget Sound River History Project 19th Century 
Coast Survey Topographic Sheets (2009) for information on historical geomorphic conditions. Conceptual 
designs were intended to replicate historical conditions and remove stressors to nearshore processes to 
the extent practicable and feasible. As a result, these datasets informed the selection of restoration 
strategies and features. Designers estimated quantities based on assumed typical sections using length, 
width, and depth parameters and created additional GIS data layers (point files, line files, and polygon 
files) to represent civil design features (such as areas of lowland excavation) to be depicted on the plan 
view drawings. Designers also created simple line drawings in CAD to represent typical sections and 
estimate quantity take-offs but did not do any surface modeling.  

11‐3.1.1 Additional	survey	and	mapping	required	

Substantial additional information will be required at the preliminary and later design stages to refine the 
design assumptions, confirm real estate requirements, and develop plans and specifications. Additional 
survey, mapping, and other geospatial data needs include the following: 

 Property/Utility Survey – More detailed information on property boundaries and utilities will be 
needed to finalize the design and support real estate negotiations.  

 Topographic/Bathymetric Survey – The conceptual design was based on LiDAR and aerial 
photos, which have inherent inaccuracies. The survey would be useful in providing more accurate 
preliminary designs and quantities for roadways, utilities, bridges, and removal of existing 
features including the extent of armoring. Survey data could also be used as a baseline for pre- 
and post-construction monitoring and hydrodynamic modeling. A temporary tide gauge may be 
required in the early design stages to obtain site-specific tidal statistics.  

 Additional Surveys - Surveys will be needed for the top and toe of dikes at the east side of the 
Swinomish Channel and the south side of Padilla Bay, the top and toe of railroad berm and State 
Route 20 (eastbound and westbound lanes at Telegraph Slough), two former tidal channels 
proposed to be reconnected, the bottom of Telegraph Slough elevations on the north and south 
sides of State Route 20, and the invert elevations of tide gates. 

11‐3.1.2 Timeline	for	incorporation	of	new	mapping	or	other	geospatial	data	

Planning, design, and implementation for this site are expected to take several years. The site-specific 
surveys identified above are standard components of the design process and should be completed in the 
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early stages of PED to ensure that the design work proceeds efficiently. Incorporating these data into the 
design process is not expected to delay the restoration. 

11‐4 GEOTECHNICAL	
This section describes the geologic setting of the site, previous and recommended studies, and proposed 
geotechnical explorations relevant to design features. 

11‐4.1 Geotechnical	Information	Used		

11‐4.1.1 Regional	and	site	geology	

Regional geologic mapping from the Washington State Department of Natural Resources indicates site-
specific geologic features include fill (Af) and nearshore deposits (Qn) from the Holocene age (Dragovich 
et al., 2000). Nearshore deposits mapped onsite are mostly estuarine or tidal flat deposits composed of 
fine sand, silt, and clay; locally this includes flood overbank deposits and marsh or peat deposits. The 
geologic map is shown in Figure 11-4-1. 

 
Figure 11-4-1. Geologic Map of Telegraph Slough 

Near-surface soils mapped in the Soil Survey of Skagit County, Washington, consist of Skagit silt loam, 
tidal hydraquents, Sumas silt loam, and Tacoma silt loam (Ness et al., 1960). Skagit silt loam is observed 
in floodplains and deltas and is described as silt loam to fine sandy loam deriving from alluvium and 
volcanic ash. The tidal hydraquents soil type is observed in tidal flats and is described as sandy loam to 
silty clay loam deriving from alluvium. Sumas silt loam is observed in floodplains and is described as silt 
loam, silt clay loam, and coarse sand deriving from alluvium. Tacoma silt loam is observed in deltas and is 
described as silt loam deriving from alluvium and volcanic ash. 
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According to the Washington State Department of Ecology (Ecology) website, three wells were drilled at 
the Twin Bridges Marina, near the northwest corner of the site, in April 2000 (Ecology, 2003). The wells 
were drilled to depth of 30 feet below the ground surface, and groundwater was not encountered. The 
driller’s log indicates that the typical soil profile consists of sand and clay fill in the top 5 feet, silt with 
organics from 5 to 19 feet, and fine sand from 19 feet to the bottom of the hole. 

11‐4.1.2 Completed	explorations	

No subsurface explorations have been completed. All subsurface information is based on soil surveys, 
geologic mapping, and available well logs from Ecology. See Section 11-4.3 for the proposed subsurface 
exploration plan. 

11‐4.1.3 Selection	of	preliminary	design	parameters	

Based upon research of the soils and geology in the vicinity, subsurface soils are likely to consist mostly of 
silts and sands. Preliminary design parameters have been selected for various soils that are likely to be 
present at the proposed bridge foundation locations (Table 11-4-1).  

Table 11-4-1 Preliminary design parameters 

Soil Description 
Depth 
Range 
(feet) 

Unit Weight, γ 
(pcf) Friction angle, ϕ’ 

Loose to medium dense, sandy silt 
with occasional organics 

0 – 20 115-125 28°-30° 

Medium dense to dense sand 20 – 100 120-130 32°-34° 

Groundwater table was assumed at the ground surface. 

11‐4.1.4 Geophysical	investigations	

No geophysical investigations have been conducted or are recommended. (Not applicable.) 

11‐4.1.5 Groundwater	studies	

No groundwater studies have been conducted for geotechnical design. Groundwater elevation is 
influenced by the water surface elevation of Puget Sound. For geotechnical design purposes the 
groundwater will be assumed at the ground surface when considering the bridge foundations.  

11‐4.1.6 Recommended	instrumentation	

No instrumentation is recommended. (Not applicable.) 

11‐4.1.7 Earthquake	studies		

In accordance with Table 20.3-1 of the 2010 American Society of Civil Engineers (ASCE) 7, a Site Class DE 
is recommended for this site when considering the average of the upper 100 feet. According to the 2008 
United States Geological Survey (USGS) Earthquake Hazards website 
https://geohazards.usgs.gov/deaggint/2008/, the Peak Ground Acceleration (PGA) predicted for the site is 
0.452 g, and the maximum considered earthquake (MCE) ground motions for the site are Ss=1.009 g and 
S1=0.517 g. In accordance with Tables 11.4-1 and 11.4-2 from ASCE 7, Site Coefficients Fa and Fv are 1.0 
and 1.9, respectively for a Site Class DE. Therefore the adjusted MCE ground motions are SMS=1.110 g and 
SM1=0.982 g. The return interval for these ground motions is 5 percent probability of exceedance in 50 
years (975 years). See figure 11-4-2 below for earthquake deaggregation output.  
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Figure 11-4-2. Deaggregation plot for Telegraph Slough 

Seismic design for deep foundations and bridge abutments will be performed in accordance with the 
Washington State Department of Transportation (WSDOT) requirements and the American Association 
of State Highway and Transportation Officials (AASHTO) Load and Resistance Factor Design (LRFD) 
Seismic Design Specifications. (AASTHO specifies 7% in 75 years, which is comparable to USGS 5% in 50 
years).  

Seismic design for railway structures will follow the American Railway Engineering and Maintenance-of-
Way Association (AREMA) 2012 Manual for Railway Engineering. Chapter 9, Section 1 of the manual 
gives seismic design requirements for railroad bridges. 

Seismic load is not normally considered in analyzing the stability of dikes because of the low risk 
associated with an earthquake coinciding with periods of high water. However, since the dikes are 
regularly loaded by tides, seismic loads may be applied. The potential consequences will need to be 
evaluated during PED to determine whether seismic loading is required. 

11‐4.1.8 Preliminary	foundation	design	and	slope	stability	analysis	

The existing State Route 20 embankment is to be replaced by two bridges: one bridge for westbound 
traffic and one bridge for eastbound traffic. The proposed bridges will be approximately 680 feet long 
with five spans. Both bridges are to be supported by deep foundations. The foundation design assumed 
two 7-foot-diameter drilled shafts at each pier with a 100-foot embedment depth.  

Foundation for the proposed railroad bridge will be design in accordance with AREMA 2012 Manual for 
Railway Engineering. The proposed bridge will be approximately 680 feet long with 19 spans. 
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Preliminary foundation estimates were included in the conceptual design for cost estimating purposes. 
The foundation design assumed four steel H-piles at each bent with a 100-foot embedment depth. Other 
piles types such as driven concrete piles should be considered during later stages of design due to the 
saltwater environment. 

Drilled shafts, cast-in-place piles, or driven piles are acceptable foundation alternatives for the proposed 
bridges. Shallow foundations are not considered an option at this time due to potential seismic loading, 
scour, liquefiable soils, and soft soils. 

A preliminary estimate of foundation capacity using the lower range of the parameters in Table 11-4-1 was 
used as a check on the proposed foundations from the conceptual design. See Tables 11-4-2 and 11-4-3 for 
results of the estimate. 

Table 11-4-2. Preliminary Foundation Axial Capacity Estimate - Road Bridges 

SR20 – Vehicle Bridges (East Bound and West Bound) 
Feature  Description 
Bridge 
 
 
 
 

Total length (feet) 680 
# of spans x Approx. span length (feet) 5 x 136 
Approximate width (feet) 38 
Dead load x 1.25 [LRFD strength I] (kips) / pier 1,750 
Live load  x 1.75 [LRFD strength I] (kips) / pier 450 

Foundation Type Drilled Shaft 
Diameter (inch) 84 
# piles / pier 2 
Depth (feet) 100 

Load Estimated static loading demand (kips) 1,100 
Capacity Estimated pile capacity (kips) 2,300 

Sufficient capacity OK 

Table 11-4-3. Preliminary Foundation Axial Capacity Estimate - Railroad Bridge 

BNSF - Railroad Bridge 
Feature Description  
Bridge Total length (feet) 680 

# of spans x Approx. span length (feet) 19 x 36 
Approximate width (feet) 16.5 
Load estimate including train impact (kips) / bent 800 

Foundation Type H-pile 
Section depth (inch) 14 
# piles / bent 4 
Depth (feet) 100 

Load Estimated static loading demand (kips) 200 
Capacity Estimated pile capacity (kips) 350 

Sufficient capacity OK 

The foundation design is preliminary and based on assumed subsurface information. Upon completion of 
subsurface explorations at the site, the foundation design should be fine-tuned. Subsequent foundation 
design will include drilled shafts and driven piles as a comparison if deemed to be a valid alternative. It is 
anticipated that the foundation soils are loose and potentially liquefiable, which may increase the depth of 
the drilled shafts or driven piles for the bridges to a denser underlying layer. Seismic, liquefaction, and 
scour are not included in the current preliminary capacity estimate. 
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The slope stability has not yet been evaluated. Slope stability analyses at either end of the approach 
embankments may be performed upon completion of the design and geometrical configuration of the 
bridges. Ground improvements, such as stone columns, may be required at the bridge 
abutments/roadway approaches if liquefiable soils are encountered. Stability and settlement of the new 
roadway embankments will need to be evaluated during later stages of design. 

The proposed dikes should be designed in accordance with USACE Engineering Manual 1110-2-1913 
Design and Construction of Levees. For dikes constructed on soft subsurface material, stability and long-
term settlement analyses are typically performed.  

11‐4.1.9 Excavatability	analysis	

As identified during conceptual design, significant volumes of fill will require excavation. No explorations 
or construction records were located for the dikes, State Route 20, and railroad embankments. Therefore 
the embankment material is unknown. Based on soils and geology maps, it may be assumed that the 
embankment fill consists of a combination of local materials and structural fill. The tidal marsh channels 
are in agricultural fields and consist of alluvium deposits. Dike armoring exists along the Swinomish 
Channel which will be removed with the dikes. No bedrock or boulders are anticipated; therefore no 
blasting should be required. Excavation of the embankment fill and channels will likely be accomplished 
by excavator or bulldozer.  

11‐4.1.10 Anticipated	construction	techniques	and	limitations	

The type of deep foundation will be confirmed during PED once subsurface explorations have been 
completed. At this time it is assumed that drilled shafts will be used to support the proposed vehicle 
bridges. Due to the presence of soft and/or caving soils and anticipated high goundwater, either casing or 
wet method is recommended for construction of drilled shafts. Upon completion of the shaft excavation, 
the hole is cleaned and the reinforcing steel cage is placed to the bottom of the hole. The casing is then 
carefully extracted (fully or partially), leaving a top segment to facilitate column installation, and concrete 
is cast. Once the shafts are installed, the columns are cast and the pilecaps and bridge superstructure are 
constructed.  

It is assumed that driven piles will be used to support the proposed railroad bridge Steel H-piles will likely 
be driven using a pile driver with a pneumatic, hydraulic, or vibratory hammer. The existing alignment 
would remain in operation while the new railroad embankment and bridge are constructed to the north. 

Most of the earthwork will be accomplished with standard excavation equipment. Excavation of the 
interior tidal channel network may be accomplished year-round using dozers and excavators due to the 
existing dikes and drainage ditches. Excavation of the dike breaches and removal should be scheduled to 
coincide with periods of low water. 

Settlement may be observed along portions of the new dikes and embankments. Depending on 
geotechnical evaluation, construction of the embankments may need a sure-charge to reduce long-term 
total and differential settlements, construction may need to be staged, or ground improvements may be 
advised to reduce post-construction settlement. Construction practices and methods outlined in 
Engineering Manual 1110-2-1913 Design and Construction of Levees are recommended for dike 
construction. 

Many utilities run across the site and will be affected by construction activities. During later stages of 
design, service providers will be consulted to evaluate the impact and methods to protect utilities. See 
Section 11-6.3 for utility relocation information. 

See Section 11-6.1.2 for additional construction notes.  

11‐4.1.11 Potential	borrow	sources	and	disposal	sites	

No borrow sources have been identified, and it is unlikely that a suitable borrow source will be located 
within the site. Soil excavated from the dike removal may be placed in areas of low topography north of 
State Route 20 to raise grades outside of distributary channels. This approach would reduce offsite haul 
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and disposal, and improve habitat restoration performance in subsided areas. Offsite disposal and borrow 
sites should be investigated during later stages of design. 

11‐4.1.12 Potential	sources	of	concrete	and	materials	

Preliminary investigations indicate that there are multiple sources for ready-mix concrete and aggregate 
materials within 30 miles of the site.  

11‐4.1.13 Suitability	of	concrete	and	materials	

Suitability of concrete and materials will be evaluated at later stages of design or during construction. 

11‐4.2 Additional	Studies	and	Analysis	
Additional studies and analysis to be completed during PED or subsequent phases of design include the 
following at a minimum: 

 Geotechnical Investigation: subsurface explorations, testing, and field reconnaissance 

 Foundation Design: static and seismic analysis according to AASHTO LRFD for vehicle bridges 
and AREMA for railway bridges 

 Abutment Stability: potential for liquefaction and ground improvement 

 Pavement Design: new roadways and approaches (include traffic analysis for Equivalent Single 
Axle Loads (ESALs))  

 Scour Study: at roadway embankments, abutments, and bridge piers 

 Settlement Analysis: for roadway and railway embankments 

 Dike Design: stability, settlement, seepage analysis 

11‐4.3 Additional	Explorations	and	Testing	
The proposed subsurface exploration plan consists of drilling borings along the alignment of the proposed 
roadway and railway bridges. In addition test pits, cone penetrometer testing (CPT), and borings should 
be conducted along the roadway and railway embankments. Borings along the bridge alignments will be 
located at the abutments and at least one every pier, approximately every 136 feet (closer for the railway 
bridge). For the embankments, borings will be spaced every 250 to 500 feet with additional CPTs between 
the borings to provide additional parameters and an adequate soil profile along the proposed 
embankments. Test pits could be performed if needed for at-grade construction and pavement design. 

Explorations for the proposed dikes should be conducted in accordance with Engineering Manual 1110-2-
1913. This will include a combination of test pits and borings along the dike alignment. Depth of borings 
and test pits for the dike should be a minimum of 10 feet and spaced approximately every 200 feet. Test 
pits will be accomplished with a backhoe or small excavator, and the recommended boring method is mud 
rotary.  

Based on research of the site and preliminary foundation design, the bridge borings should be a minimum 
of 125 feet below the ground surface, embankment borings and CPTs a minimum of 50 feet, and test pits a 
minimum of 10 feet. The preferred exploration method for the borings is mud rotary. Test pits will be 
accomplished with a backhoe or small excavator. 

The subsurface exploration plan should be reevaluated and coordinated with hazardous and toxic material 
investigations during PED to include chemical sampling and testing; see Section 11-9.  

Sampling in the soil borings will be accomplished using standard penetration test (SPT) with samples 
taken every 2.5 feet for the top 30 feet and every 5 feet for the remainder of the boring depth. Proposed 
soil lab testing will be as follows: approximately 50% of samples will be tested for moisture content, 20% 
of samples for grain size, and 20% of samples for finer than #200 sieve. Any cohesive material 
encountered will be tested for Atterberg limits. In-situ testing will include SPT blow counts. 
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11‐4.4 Laboratory‐Testing	Program	and	Evaluations	
No laboratory testing or evaluation of materials has been completed at this time.  

11‐5 ENVIRONMENTAL	ENGINEERING	
This section describes environmental engineering factors relevant to the proposed design features. 

11‐5.1 Use	of	Environmentally	Renewable	Materials	
At the conceptual design stage, use of environmentally renewable materials is not planned. However, if 
renewable materials are available they could be incorporated into the design. Specific details will be 
developed during subsequent design stages. 

11‐5.2 Design	of	Positive	Environmental	Attributes	into	the	Project	
The Telegraph Slough site is one of the nine sites selected to address River Delta restoration objectives to 
protect and restore freshwater input and tidal processes where major river floodplains meet marine 
waters. The proposed restoration was selected because it would remove most of the existing dikes along 
Telegraph Slough, Padilla Bay, and Swinomish Channel (east side), allowing tidal hydrology to reach 
diked farmland that was once estuarine marsh. The proposed restoration would remove coastal and 
inland dikes, remove existing tide gates and culverts, and construct setback dikes and bridges. The 
restoration aims to restore tidal hydrology and channel-forming processes to historic distributary slough 
channels connecting Swinomish Channel to Padilla Bay, restore tidal hydrology to diked farmland that 
was historically estuarine marsh, and increase freshwater inputs to Padilla Bay.  

11‐5.3 Inclusion	of	Environmentally	Beneficial	Operations	and	Management	
for	the	Project	

Design and construction will incorporate sustainable and ISO 14000 compliant practices. The USACE 
Environmental Operating Principles (EOPs) are designed to provide direction on achieving better 
stewardship of air, water, and land resources while showing the connection between managing those 
resources and protecting environmental health. The EOPs are to ensure that USACE actions consider the 
environment and are sustainable now and in the future. 

11‐5.4 Beneficial	Uses	of	Spoil	or	Other	Project	Refuse	During	Construction	
and	Operation	

Soils from the dike removal activity would be placed in areas of low topography north of State Route 20 to 
raise grades outside of distributary channels. At the conceptual design stage, no other beneficial uses of 
spoil or other refuse are planned. If spoils or other refuse materials are available for reuse, they could be 
incorporated into subsequent design stages.  

11‐5.5 Energy	Savings	Features	of	the	Design	
At the conceptual design stage, energy savings features have not been incorporated. In accordance with 
the EOPs, energy savings features will be a component of the design to the maximum extent practicable. 

11‐5.6 Maintenance	of	the	Ecological	Continuity	in	the	Project	with	the	
Surrounding	Area	and	Within	the	Region	

The restoration of this site will increase ecological continuity within the site and with the surrounding 
area. This is one of several sites designed to restore the productivity and increase interconnectivity of the 
Puget Sound ecosystem. 
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11‐5.7 Consideration	of	Indirect	Environmental	Costs	and	Benefits	
Indirect environmental costs and benefits will be evaluated during environmental assessments developed 
for each project at a later date. 

11‐5.8 Integration	of	Environmental	Sensitivity	into	all	Aspects	of	the	Project	
Construction will be conducted to ensure no deleterious impacts to the ecosystem will occur over the long 
term. Best management practices will be incorporated into the contract documents. Most management 
practices will cover erosion and sediment control, stormwater management, spill response and hazardous 
material management, trash and debris management, air emissions from construction vehicles, and noise 
standards. 

11‐5.9 The	Perusal	of	the	Environmental	Review	Guide	for	Operations	
(ERGO)	with	Respect	to	Environmental	Problems	that	Have	Become	
Evident	at	Similar	Existing	Projects	and,	Through	Foresight	During	
this	Design	Stage,	Have	Been	Mitigated/Addressed	in	the	Project	
Design	

This is not a USACE operating facility. (Not applicable.) 

11‐5.10 Incorporation	of	Environmental	Compliance	Measures	into	the	
Project	Design	

All applicable laws and regulations will be followed during design and construction in accordance with the 
USACE contract documentation. 

11‐6 CIVIL	DESIGN		
This section discusses the key elements of the civil design including the selection of the site and evaluation 
of alternative layouts, alignments, and components. 

11‐6.1 Site	Selection	and	Project	Development	
The proposed restoration would remove most of the dikes along Telegraph Slough, Padilla Bay, and 
Swinomish Channel (east side), and allow tidal hydrology to reach farmland that was once estuarine 
marsh. The restoration also includes removal of existing tide gates and bridging of Telegraph Slough at 
the State Route 20 and BNSF railroad crossings. A new setback dike along the east and south sides of 
Telegraph Slough, south of State Route 20 and connecting to the east Swinomish Channel dike, would 
contain flood flows and extreme tides coming into the area from the Swinomish Channel. Table 11-6-1 
summarizes the key design elements associated with the proposed restoration. Annex 1 contains exhibits 
that depict the proposed restoration and quantity estimates for design elements. 

A restoration alternative that focused on partially restoring the connectivity and diversity of the tidal 
slough/distributary channel system was considered but not selected during cost effective analysis; see 
Chapters 4 and 5 of the Feasibility Report for a complete discussion of the evaluation of alternatives. The 
rejected alternative included smaller bridge openings than the proposed restoration alternative and would 
have provided a more limited tidal and freshwater connection between the Swinomish Channel and 
Padilla Bay. 
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Table 11- 6-1. Key Design Elements 

Item Description of Item Approx. 
Quantity 

Build New Bridges Build new railway bridge for BNSF crossing at Telegraph 
Slough (see Section 11-7 for additional description of 
bridges) 

 
680 LF (each) 

Build new eastbound and westbound State Route 20 bridges 
at Telegraph Slough (see Section 11-7 for additional 
description of bridges) 

Remove culvert (assume 8-inch diameter for local drainage) 
under State Route 20 during roadway demolition and 
installation of new bridge 

LF is unknown 
(assume <300 LF) 

Raise Roadway and 
Build Railway 
Transition and Dike 

Raise roadway transition (eastbound and westbound State 
Route 20) to provide flood protection; assume minimum 
elevation of 17 feet (NAVD88). Roadway east of Telegraph 
Slough to be raised along 1,477 LF (assume average volume 
of 9,083 SF per LF = 53,963 CY) and 4,997 LF of roadway 
west of Telegraph Slough (assume average volume of 30,732 
SF per LF = 182,571 CY) 

236,534 CY 

Raise new railway transition and dike; assume top elevation 
of 18.5 feet (NAVD88) and approximately 22 CY/LF. 
Railway and dike to be constructed 7,370 LF (west of 
Telegraph Slough) and 1,395 LF (east of Telegraph Slough) 

191,603 CY 

Build new east-side dike to elevation 14 feet (NAVD88) to 
provide flood protection; assumes 16 CY/LF and 6,700LF 

107,200CY 

Install culvert under State Route 20 and railroad at two 
locations to reconnect three distributary channels to Padilla 
Bay; assume two 10-foot-diameter culverts (~550 and 300 
LF) 

850LF 

Excavate Channel to 
Connect Distributary 
Channels to Padilla 
Bay 

Excavate new channel (on south side of State Route 20) to 
reconnect the centrally located distributary channel to the 
westernmost channel and proposed culverts under State 
Route 20 and the railroad (see above), assume 1,200 LF of 
new channel 48 FT X 6 FT (2:1 slopes) at or below the water 
table 

9,600 CY  

Remove Tidal Dikes 
and Swinomish 
Channel Dike 

Remove 10,800 LF of tidal dikes 
Padilla Bay dikes, assumed to be 10.6 CY/LF and 
10,800 LF; 
 Swinomish Channel dikes, assumed to be 5.33 
CY/LF and       7,833 LF;  
Low excavation of Swinomish Channel Dike to -5 to 
connect relic channel and Telegraph Slough, 28.9 
CY/LF and 1,740 LF. Average top of 12FT; depth 
17FT; 2:1 side slope.  

 
115,200 CY 
41,749 CY 
 
50,390 CY 

Remove Culverts 
and Tide Gates 

Remove culvert and tide gates at confluence of Telegraph 
Slough/Swinomish Channel 
Remove tidal gates along Padilla Bay dike 

1 combined 
structure 
2 gates 

Excavate Sediment 
From Telegraph 
Slough Channel 

Excavate approximately 26 acres of accumulated sediment 
to elevation of 4 feet (average depth = 1.8 feet) to reconnect 
to Telegraph Slough with Padilla Bay 

75,500 CY 
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Item Description of Item 
Approx. 
Quantity 

Build New Setback 
Dike to Protect 
Properties 

Build 6,700 LF new setback dike for BNSF railroad, and 
along south and east sides of Telegraph Slough south of 
State Route 20 to protect adjacent properties from tidal 
flooding; assumed elevation 14 feet (NAV88); assume 3 FT 
over excavation, 6.6 CY/LF and 6,700 LF; imported fill 
16CY/LF and 6,700LF. Average top width of 12FT x 6FT 
depth x 2:1 side slope. 

44,667 CY (over 
ex.) 

 

107,200 CY (new 
fill) 

Install New Culverts 
and Tide Gates 

Install culverts and fish-passable tide gate in southeast 
portion of the new Telegraph Slough setback dike to convey 
drainage from two channels southeast of project boundary 
and protect properties to south and east from tidal flooding; 
assume two 6-foot x 6-foot reinforced concrete box culverts 
(60 LF each) 

120 LF  

Excavate New 
Channel  to Connect 
Slough to Outlet  

Excavate new channel parallel to a portion of the new 
Telegraph Slough setback dike to connect drainage flows 
from two channels to outlet works (new culverts and fish-
passable tide gates listed above). 850 LF, average top with of 
48 FT, depth 6 FT, 2:1 side slopes. 

6,800 CY 
 

Remove Marina Remove marina structures, associated drives, and utilities NA 

11‐6.1.1 Basis	of	design	

The existing system of dikes, tide gates, and drainage channels, along with the configuration of major 
transportation infrastructure, inhibit tidal hydrology and connectivity in the Telegraph Slough estuary. 
The proposed restoration removes of most of the existing dikes along 
Telegraph Slough, Padilla Bay, and Swinomish Channel (east), removes existing tide gates, and bridges 
Telegraph Slough at the State Route 20 and BNSF railroad crossings. A new setback dike along the east 
and south sides of Telegraph Slough, south of State Route 20 and connecting to the east Swinomish 
Channel dike, would contain flows and extreme tides coming into the area from the Swinomish Channel 
and protect areas to the south and east from flooding.  

The restoration of this site is designed to restore ecosystem processes and re-establish natural geomorphic 
conditions. The design is based in part on historical conditions as evidenced by 19th Century Coast Survey 
Topographic Sheets (Figure 11-6-1). In other words, post-restoration site conditions are intended to 
resemble or replicate the historical morphology to the extent feasible. An extensive network of 
distributary channels and blind tidal channels drained a large historic salt marsh estuary and provided 
tidal hydrology and freshwater input. This marsh was approximately 2 miles wide (east to west) by 1.5 
miles long (north to south) in 1886. In addition, extensive mudflats and eelgrass beds were presumed to 
exist, and still exist, to the north of this historic marsh in Padilla Bay. However, the T-sheet shows 
extensive modifications of the area south and east of this salt marsh, indicating diking and agriculture in 
1886. Therefore, the full extent of the historic estuary habitat between Padilla Bay and North Fork Skagit 
River is not shown on the 1886 T-sheet, and is expected to have covered a much larger area. 
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Figure 11-6-1. Historic Map (T-Sheet) and River History Project Data 

Road and Railroad Modifications  

A new bridge will be constructed where State Route 20 crosses Telegraph Slough to provide a hydraulic 
connection across the historic limits of Telegraph Slough. East of the new bridge, State Route 20 will be 
raised to provide flood protection. State Route 20 would also be raised west of the new to the existing 
bridge approach over the Swinomish Channel. This segment of roadway will be raised to a minimum 
elevation of 17 feet (NAVD88) to protect the highway from inundation and provide adequate freeboard 
(design water surface elevations are discussed in Section 11-2 and other data sources used during 
conceptual design are described in Section 11-3.1). The highway is posted at 50 mph and has a design 
speed of 60 mph. The alignment will be designed to the current standards for its functional classification. 
See Section 11-7 for discussion of bridges.  

A new BNSF railroad bridge also will be constructed at Telegraph Slough crossing. Removal of tidal dikes 
(see below) necessitates raising the railroad to an elevation of 18.5 feet NAVD 88 to keep it above the 
limits of inundation and wave action. A new dike would be constructed north of the existing rail grade 
from a point east of Telegraph Slough west to the Swinomish Channel. The rail line would be relocated 
atop this dike. As the rail alignment approaches the existing swing bridge at the Swinomish Channel 
crossing, the rail line would transition off of the dike to the bridge, which is at an elevation of 15.0 feet 
NAVD 88. The dike would continue up to the existing bridge abutment. See Section 11-7 for discussion of 
rail bridges. 

Fill and accumulated sediments would be removed from Telegraph Slough at the proposed State Route 20 
roadway and BNSF railroad bridge, and areas north and south of these bridges, to restore the slough 
channel, particularly north of the proposed bridges within the existing channel. Excavation to lower the 
grade in Telegraph Slough at this location is needed to allow for a full tidal connection to restored areas 
south of the bridge. The extent of excavation is substantial due to the amount of sediment buildup in this 
location as compared to channel elevations at the north and south ends of the slough. The Applied 
Geomorphology Guidelines and Hierarchy of Openings (an attachment to this engineering appendix) 
were applied at the existing Telegraph Slough under State Route 20 to size the required breach opening 
cross section area, top width, and depth below Mean Higher High Water. 

Hydraulic connectivity would be restored to distributary channels west of Telegraph Slough by 
installation of two 10-foot-diameter culverts under State Route 20 and the BNSF railroad. A new channel 
would be excavated on the south side of State Route 20 to connect the centrally located distributary 
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channel to the westernmost channel (these two channels were historically connected in the vicinity of the 
current State Route 20). The culverts proposed under State Route 20 and the railroad would convey and 
hydraulically connect these two distributary channels to Padilla Bay following the northern tidal dike 
removal. The westernmost culvert would be installed on a skew to provide connectivity to the historic 
channel to the south. The eastern culvert would be installed along the current alignment of the channel.  

One additional culvert would also be removed under State Route 20 as part of the demolition and 
excavation to construct the new bridge. This culvert is small (~8-inch diameter) and appears to convey 
only local drainage.  

Refer to the exhibits in Annex 1 for a complete depiction of restoration elements and the quantities and 
dimensions used in cost estimation. 

Dikes Modifications on Padilla Bay, Telegraph Slough, and Swinomish Channel 

The proposed restoration entails removal of tidal dikes along Padilla Bay on the north side of State Route 
20 and the BNSF railroad, except for a short segment north of the proposed Telegraph Slough bridge. The 
dike along the eastern side of the Swinomish Channel also would be removed. Armoring on portions of 
the dikes would also be removed along the Swinomish Channel and along Padilla Bay. Two culverts with 
tide gates would be removed as part of the Padilla Bay dike removal at the north end of two existing 
historic distributary channels. 

Soils from the dike removal activity would be placed in areas of low topography north of State Route 20 to 
raise grades outside of distributary channels. These areas would be raised to the target marsh plain 
elevations found in nearby reference sites. These elevations are assumed to be 7.85 feet ± 1 foot 
(NAVD88), although further evaluation of design elevations will be necessary during PED.  

A new dike is proposed in conjunction with the new elevated railroad to address tidal flooding (as 
described above). New setback dikes also are proposed from the existing Swinomish Channel dike in the 
southwest corner of the site, around the south and east sides of Telegraph Slough to State Route 20.  

Modifications near the Confluence of Telegraph Slough and Swinomish Channel 

Along with removal of the Swinomish Channel dike, a series of culverts and tide gates will be removed at 
the Telegraph Slough/Swinomish Channel confluence. A hydraulic structure that controls the split of 
water between Telegraph Slough and Swinomish Slough may be needed at this location to maintain a 
manageable but functional flow split. The intent of the structure would be to ensure that there is a mix of 
freshwater and saltwater in Telegraph Slough, which was the case historically. The need for this type of 
structure and its potential effect on sediment and hydrology will be determined during PED. Southeast of 
that location, two new culverts with fish passable tide gates would be needed to pass drainage flows from 
two channels located on the south side of the proposed setback dike described above. A new channel 
would be excavated just south of the dike to connect the slough to the outlet. The culverts are proposed as 
6-foot by 6-foot pre-cast concrete box culverts and are needed to drain agricultural land south of the site. 
The size of the culverts will be refined during PED. 

Other Site Modifications  

The existing access point to the Skagit Wildlife Area on the south side of State Route 20 at Telegraph 
Slough is within the area proposed for tidal inundation. It is anticipated that the Washington Department 
of Natural Resources (WDNR) and Washington Department of Fish and Wildlife (WDFW) will require 
continued access. This access would include a spur road and small gravel parking area adjacent to the 
south side of State Route 20. A new location for the access point will be determined during PED. 

The existing Twin Bridges marina and associated structures would be removed. Other buildings, including 
large containers, will need to be removed prior to the dike removal activities. 

The proposed restoration includes limited revegetation on dike and road embankments to protect them 
from erosion and inhibit establishment of invasive species. A combination of hydroseeding and limited 
live staking and bare root plantings would be used. These plantings would also diversify habitat for fish 
and wildlife and speed the restoration trajectory. Invasive species in the area consist primarily of reed 
canarygrass and cattails in southern portions of Telegraph Slough and in the other former distributary 
channels to the west. These species, which currently inhabit areas dominated by fresh water, are 
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anticipated to be eradicated by restoring tidal hydrology, which increases salinity, wave energy, and 
flooding. However, some strategic removal of these invasive species may be warranted to avoid large mats 
of displaced vegetation clogging restored channels. Invasive species control may also be needed on road or 
dike slopes where weedy upland species could become established. A plan for invasive species 
management will be developed during subsequent design stages. 

11‐6.1.2 Constructability	

Hauling and offsite disposal areas for excavated and demolished materials will be identified during PED, 
but they are assumed to be located within 20 miles of the site. However, due to the low topography of the 
area north of State Route 20, soils from the dike removal could be used to raise grades outside of 
distributary channels. This approach would reduce offsite haul and disposal, and improve habitat 
restoration performance in subsided areas. Potential borrow and disposal sites are discussed in Section 
11-4.1.11. 

The culverts could be installed using jack-and-bore methods and countersunk to provide a natural 
channel bed within the culvert. A staging and stockpile area could be located at the Twin Bridges Marina. 
A suitable location would need to be identified during PED and prior to bidding. 

See Section 11-10 for additional information on construction procedures and Section 11-20 for the 
anticipated schedule for construction.  

11‐6.2 Real	Estate	
Real estate assumptions, valuations, and planning documents have been appropriately scaled for the 
current level of design. As additional surveys, modeling, and design are completed during PED, the real 
estate documentation will be modified accordingly. For the current real estate status, refer to the 
Feasibility Study, Appendix F, Real Estate Plan. 

11‐6.3 Relocations		
Restoration of tidal hydrology at this site would necessitate substantial modifications to utility 
infrastructure (electrical transmission, petroleum pipeline, and water main, as well as possibly 
communication lines).  

Running parallel to and south of State Route 20 along the south side are a major water transmission line 
and a petroleum pipeline, both of which extend approximately 860 LF. The former serves as the primary 
supply to Fidalgo and Whidbey Islands and the Whidbey Island Naval Air Station. The latter serves the oil 
refineries near Anacortes to both transport refined products from the refineries and crude oil to the 
refineries. The exact sizes of these pipelines are unknown, but it is assumed that they are 24-inches in 
diameter or larger and service cannot be interrupted.  

Three aerial transmission lines are located on the north side of the railroad alignment and extend 
approximately 6,450 LF. One is located between the highway and BNSF lines. Two are located along the 
north side of the railroad. All three lines would be relocated to the north of the future rail alignment. The 
catenary wires would be raised to maintain adequate vertical clearance from the roadway and railroad, 
which would be higher in elevation. The electrical lines would cross over the BNSF tracks where the rail 
curves to the northwest, and connect to the existing lines along Josh Green Lane.  

Approvals from government and private entities including the Federal Energy Regulatory Commission, 
WSDOT,  BNSF, Puget Sound Energy, petroleum pipeline companies (Olympic Pipeline Company, 
TransMountain) and water main owners (City of Anacortes and Skagit PUD) would need to be obtained to 
modify or move these facilities. 

Additional utilities not identified during conceptual design may also be present in the area. A utility 
survey will be completed during PED. The known utility relocations are summarized in Table 11-6-2. 
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Table 11-6-2. Facility/Utility Relocations 

Facility / Utility Activity Subsequent Design 

Utility Relocations 
(Electrical, 
Communications, 
Water, and Petroleum) 

Relocate electric, water and 
petroleum pipelines as needed 

Coordinate with utility owners 
during PED. 

Sanitary sewer septic  
systems 

Planned dike removal and channel 
creation at the site may be 
accompanied by changes in 
groundwater conditions, potentially 
requiring septic system 
decommissioning.  

Septic systems will be analyzed 
during PED. See Section 11-2. 

Water transmission 
lines parallel and south 
along State Route 20 

Excavating and restoring hydrology 
to the sloughs will impact the water 
transmission line. Relocate water 
lines as needed. 

Primary supply to Fidalgo and 
Whidbey Islands and Whidbey 
Naval Air Station. Service 
cannot be interrupted. 
Coordinate with utility owner 
on design effort during PED. 

Petroleum pipeline 

Excavating and restoring hydrology 
to the sloughs will impact the 
petroleum transmission lines. 
Relocate petroleum pipelines as 
needed.  

Serves the oil refineries near 
Anacortes. Service cannot be 
interrupted. Coordinate with 
utility owner on design effort 
during PED.  

Three overhead power 
and communication 
lines  

Relocate all utilities at proposed 
Telegraph Slough bridge (6,450 LF). 
Raise overhead wire elevations to 
obtain proper vertical clearance. 

Coordinate with utility owner 
(Puget Sound Energy) on design 
effort during PED. 

Water well Decommission wells located within 
the study area. 

Presence of water wells will be 
analyzed during PED.  

11‐7 STRUCTURAL	REQUIREMENTS	
This section describes the structural elements of the proposed restoration including preliminary design 
requirements and criteria for bridges or roads, major structures and construction considerations, and 
recommended analyses. 

11‐7.1 Functional	Design	Requirements	and	Technical	Design	Criteria		
Structural improvements to roads and railroads will involve construction of the following items:  

1. Structural Culverts: Two 10-foot diameter culverts to be constructed below the new dike 
supporting the BNSF railway and the raised east and west bound SR 20 roadway adjacent to the 
railroad dike. These culverts will provide drainage access between the area protected by the dike 
and Padilla Bay. The culverts are located roughly 4,500 feet apart. 

2. Fish Passable Culverts:  Two 6–foot by 6–foot box culverts with fish passable tide gates to protect 
properties to the south and east from tidal flooding. These culverts would be integrated into the 
new north-south setback dike located to the east of Telegraph Slough.  
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3. Railroad Bridge: A new single track BNSF railroad bridge. The bridge would provide a large 
opening in the new dike, which in addition to serving as a water retention system also provides 
the structural support for the railroad track. The railroad bridge will be parallel to the new State 
Route 20 roadway bridges. 

4. State Route 20 Road Bridges: Two new bridges for State Route 20 - one bridge for east and one 
bridge for west bound traffic. These two bridges, as in the case of the railroad bridge, are 
constructed to facilitate the required hydraulic opening between Telegraph Slough and Padilla 
Bay in the new dike supporting the railroad track. The roads themselves, however, will not be 
built on the dike. Following construction of the bridge the roadway will transition to an elevation 
safely above the flood plain. The bridge abutments will serve as part of the dike system. 

An important criterion for new bridges is that they are comprised of a commonly used and repetitive 
structural system in order to facilitate a straightforward construction method, and indirectly promote a 
more competitive bidding environment. For this project they should also meet the goals stated below. 

 Design criteria for the State Route 20 bridges:  Identify a cost effective, constructible, bridge 
structure that supports two lanes of traffic, provide for prescribed horizontal and vertical 
hydraulic openings, require minimal capital to maintain, meet the AASHTO Bridge and 
Geometric design specifications and WSDOT Bridge Design Manual (BDM) specifications, and 
have a design life of no less than 75 years. 

 Design criteria for the railroad bridges:  Identify a cost effective, constructible, bridge structure 
that will support a single railroad track, provides for prescribed horizontal and vertical hydraulic 
openings, and meets the AREMA design specifications. In addition, railroad bridge construction 
must be conducted such that there is no interference to the railroad operations (closure of the 
tracks is usually not an option unless approved by the owner of the railroad). To abide by the non-
interference criteria for the trains, three fundamental options were available for consideration 
during conceptual design: 

1. Maintain rail traffic on the existing track during construction of a new, permanent, track. 
In this case this involves construction of a new dike and railroad bridge. The new track 
will need to be transitioned to the existing rail road alignment beyond the limits of the 
structure. When the new track is complete the train is re-directed to the new alignment 
and the existing tracks and support structure are permanently removed. 

2. Build a shoofly (temporary railroad structure on a temporary alignment) which would 
support the rail road traffic while the existing bridge is removed and replaced. Once the 
new bridge is built the trains would return to their original alignment and the shoofly 
taken down. For this project site, it may be feasible, and cost effective, to use the new 
setback dike as a shoofly structure before the old dike and roadway are removed. 

3. Keep the trains on the existing alignment throughout construction. This will require 
systematically removing old structure piecemeal and installing new structure piecemeal. 
The work is performed during short construction windows when the time interval 
between trains is sufficient to allow the prescribed work to be performed. There is a 
realistic chance this approach will require some rail traffic delays. However, the delays 
and their effects can be minimized by closely working with the railroad companies and 
finding an agreeable minimum closure period, if possible. It is also reasonable to 
anticipate that the railroad company may not be able to tolerate any delays, and thus 
Options 1 or 2 are likely to be considered. 

Option 1 above was selected as the preferred approach during the conceptual design since the 
construction to raise the highway in order to build the bridge at the elevations proposed necessitates the 
realignment of the railroad berm and bridge. Since a new alignment is needed, a shoofly structure is 
unnecessary.  

The current AASHTO Seismic Design guide specifications are intended for conventional bridges designed 
for the life safety performance objective considering a seismic hazard corresponding to a seven percent 
probability of exceedance in 75 years. This implies that a bridge, when following these specifications, has a 
low probability of collapse in a 1000-year event but may suffer significant damage and that significant 
disruption to service is possible. Partial or complete replacement of the bridge may be required. A higher 
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level of seismic performance may be selected by a bridge owner who wishes to have immediate service and 
minimal damage following a rare earthquake. Seismic engineering analysis and design costs as well as 
construction costs should be expected to increase as the post earthquake performance objectives are 
increased.  

Whether a bridge is considered “regular” or “not-regular” is a function of its physical characteristics. A 
regular bridge is a bridge that has fewer than seven spans, no abrupt changes in weight, stiffness, or 
geometry.  Regardless of its regularity, a bridge shall be designed with earthquake resisting systems (ERS) 
corresponding to the requirements of a Seismic Design Category (SDC) of C or D (typical for the Puget 
Sound region).  As such, the regularity was not assumed to impact construction costs directly for this level 
of design.  Determination of the Seismic Design Category, SDC, is based on the parameters identified in 
Section 14-7.9.  A category of D would result in more complex analysis and detailing requirements.  This 
suggests an increase in both the design and construction costs associated with the foundations, columns, 
and connectivity between these structural components. Generally conceptual design of railroad bridges 
can be adequately developed for costing and feasibility using standardized BNSF structural systems as has 
been proposed as part of this project. Using a similar approach, this study has proposed a bridge using 
approximately 19 spans, each span 36 feet long. The primary structural component between piers is 
comprised of two 7 feet wide, 30-inch deep pre-stressed concrete box girders.  

This structural system provides for ballast supported on a concrete deck, a single railroad track, and space 
for a maintenance person and a safety handrail fence on both sides of the track. Supporting the 
superstructure girders, ballast, rail, and trains is a 2.7-foot deep by 3.0-foot wide concrete cap beam (cast 
in place or pre-cast). Each cap beam is supported by four concrete columns which also act as the pile 
foundation system. 

Pile foundations are the most common foundation type used by the railroad. Piles are an ideal foundation 
solution for short span railroad bridges because the weight per pier is relatively light (when compared to 
longer span highway bridges). The piles will likely be installed fairly deep in order to be well anchored into 
the glacial soils. Piles are easily and quickly installed and can be competitively priced as many contractors 
have the capacity to install them. 

Roadway Bridges 

The State Route 20 bridges will be constructed of concrete shaft foundations, concrete piers, pre-stressed 
concrete girders, and a concrete deck. Concrete is important because a high quality, dense mix design 
should remain functional throughout the life of the bridge with minimal maintenance. 

Pre-stressed concrete girders consist of a very high-quality concrete; they are the most common type of 
girder used in Washington because of superior local fabrication skills and the availability of high-quality 
local aggregate. Pre-stressed concrete girders are lower-maintenance structures than their steel 
counterparts and are competitively priced with steel girders. The economy in structural design can be 
achieved by designing around the standard girders from the Bridge Design Manual Span Capability Sheets 
as long as the selected standard design meets the geometrical requirements of the particular bridge. 
Shafts are the preferred foundation for roadway bridges in zones of the deep liquefiable soils commonly 
found in the flat tidal zones of the Puget Sound region. Shafts are better suited than piles for these types of 
highway bridges because the span between the roadway bridge piers is nearly four times more than the 
railroad bridge piers and the roadway bridge is nearly three times wider. This means each pier, and 
subsequently each shaft, supports a significantly heavier load. This translates into a much greater force 
demand at each pier to be resisted by the foundation. In addition the shaft better accommodates the 
current Federal Highway Administration seismic design philosophy of allowing a hinge at the base of the 
column during an extreme seismic event because it is stiffer than the column. In a rail road bridge this 
requirement does not exist. 

The roadway foundation design objective is to extend the foundation shafts through the liquefiable soils 
and embed them deep into the underlying glacial soils to provide the necessary lateral support for the 
structure during a seismic event. Additional design details for the Road Bridges are: 

 Travel lanes are 12 feet wide with 9-f00t shoulders. Crash tested, TL-4, Concrete bridge barrier is 
recommended. Thus, the out-to-out concrete deck width is about 44 feet.  
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 Single track railroad bridges. Assuming a single rail road line, the entire structure is 16.5 feet 
wide.  

 The bottom of the roadway bridge soffit (low point) is set at 3-feet above Extreme High Water 
(EHW) (elevation 17 feet) to provide adequate clearance for debris. The rail bridge will be 
constructed such that the soffit does not extend any lower than the adjacent roadway bridge. The 
minimum clearance requirement, between the bridge low point and the water, is 3 feet measured 
at Mean High High Water elevation. The structural design will conform to the most current 
edition of the following standards: 

Table 11-7-1 lists the detailed structural requirements for railroad bridges. 

Table 11-7-1. Structural Requirements for Road and Railroad Bridges 

Item Description 

Design Specifications 

 
WSDOT Bridge Design Manual, current edition 

AASHTO LRFD Seismic Bridge Design, current edition  
AASHTO LRFD Bridge Design Specifications, current 
edition  
AREMA Manual for Railroad Engineering 

Load Criteria 

 
Live Load:  HL-93 (HS-20 Truck + 0.64k/ft lane), 1.3 
Impact Factor 

Load Combinations:  Per Table 3.4.1-1 LRFD (Load 
Combinations and Load Factors) 

Trains:  Cooper E80 Loading with a trailing uniform 
load of 8 kips per ft of linear. Also Check with an 
alternative 100k 4 axle loads. 
Pedestrian (if required):  75 psf 
Dead:  Concrete = 0.16 K/cu ft, Steel 0.49 k/cu ft. 

11‐7.2 Survey,	Hydrologic,	Hydraulic,	and	Geotechnical	Data	Used		
The available data at the time of the development of the conceptual plan included LiDAR survey and 
probable water surface elevations. See Section 11-3 for more information about the data used during 
conceptual design.  

No geotechnical data were available at the time of the conceptual design. Both geotechnical and structural 
investigations will be required to facilitate the development of the restoration design. Numerous borings 
will be required at each bridge location to facilitate the development of an accurate cross section of the 
geology below the bridge. Typically, the borings should extend to about 150 feet below ground. The basis 
of selecting foundation types during the concept design phase was based on professional judgment 
considering typical soil characteristics for nearshore environments of Puget Sound. Geotechnical 
investigations will be required for completion of PED.  

11‐7.3 	Site	Selection	Studies	

The site selection is summarized in Section 11-6. 

11‐7.4 Major	Structures	
The fundamental technical basis for the bridge type is to arrive at a cost-effective structure which provides 
a hydraulic opening that meets the restoration goals, sufficient geometrical and structural capacity to 
safely meet the traffic demands, and sufficient capacity to meet seismic demands. Hydraulic openings are 
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affected by bridge length and distance between piers. Bridge superstructure depth is affected by span 
length. 

The process during the conceptual design was to arrive at a structural system that can be repeated with 
only minor modifications as needed from site to site. The basis of conceptual design established the 
following parameters: 

Span Length: In general, span length is heavily influenced by the minimum or desirable hydraulic criteria 
related to backwater impacts and the elevation of the water during a 100-year flood event. However, other 
factors also weigh into the selection of the span length such as the quality of the foundation soils, criteria 
to minimize piers in the waterway for either aesthetic, permitting, or cost goals, inspection access below 
the bridge near the abutments, and a desirable girder depth for either aesthetic considerations or 
approach elevation limitations. The major structures in this study for the Telegraph Slough site have the 
following span and bridge lengths: 

 State Route 20 and Railroad Culverts:  Culverts will be 10-feet in diameter and 550 feet long. The 
culverts will be located below the new dike and the raised State Route 20 roadway. They have 
been sized to meet the required hydraulic drainage requirements of the area south of the dike 
between Swinomish Channel and Telegraph Slough.  

 Railroad Bridge:  The railroad bridge will be 680 linear feet and composed of nineteen 36-foot-
long spans. The length of this opening meets the drainage, backwater, and Mean Higher High 
Water elevation hydraulic requirements between Telegraph Slough and Padilla Bay.  

 State Route 20 Eastbound Roadway Bridge: This bridge will be 680 linear feet and composed of 
five 136-foot-long spans. The length of this opening meets the drainage, backwater, and Mean 
Higher High Water elevation hydraulic requirements between Telegraph Slough and Padilla Bay. 

 State Route 20 Westbound Roadway Bridge: This bridge will also be 680 linear feet and 
composed of five 136-foot-long spans. The length of this opening meets the drainage, backwater, 
and Mean Higher High Water elevation hydraulic requirements between Telegraph Slough and 
Padilla Bay. 

The spans described above will restore natural processes of this portion of the Skagit River delta where 
the estuaries for the Swinomish River and Telegraph Slough connect with Padilla Bay. Longer, and thus 
usually more costly, bridges would not provide additional benefit, except perhaps in rare cases with very 
high river levels. Therefore, longer span bridges were not selected. 

Bridge Type: The bridge type recommended for roadways at this site is described as a girder bridge. This 
means it is a bridge with a deck supported by girders below the roadway. The girders are supported by cap 
beams which compose the transverse beam of the pier system. The bridges proposed for this site are 
continuous bridges, meaning there are no intermediate joints between abutments and a continuous deck 
over the piers. This allows for a structurally efficient system, reducing the girder depth, and restricting 
leakage of water from the deck onto the piers by eliminating expansion joints. The bridge deck and girders 
will have expansion capabilities at their abutments. 

The girders will be constructed of pre-cast and pre-stressed concrete, fabricated offsite and shipped in by 
truck for installation. Standard WSDOT pre-cast concrete girders are an efficient and economical bridge 
type for continuous span construction.  

The railroad bridge will be constructed of driven piles and columns, concrete cap beams, two concrete box 
girders, and a concrete deck supporting the ballast, ties, and rails.  

Depth of Structure: Railroad bridges will have a total depth of 4 feet 2 inches. The girder supporting the 
trains will be 2.5 feet deep. The anticipated girder is a pre-stressed 7-foot-wide box section. 

Roadway bridges will have a depth of 6.5 feet. The anticipated girder is a standard pre-stressed WSDOT 
WF66 girder. 

Alignment Considerations: Since the railroad likely will need to remain open during construction, the new 
permanent railroad bridge and permanent dike supporting the tracks beyond the bridge will be built 



 

Engineering Appendix  Section 11 
Telegraph Slough   Page 38 

approximately 35 feet to the north on an alignment parallel to the existing railroad line. The new 
alignment will tie into the old alignment at both ends. 

The new road bridges will be built on the existing alignment in stages. In essence, a width of new bridge 
and new roadway will be constructed while two lanes of traffic are maintained on the existing roadway, 
using as much of the shoulder as possible and pushing the traffic to one side. The newly constructed road 
and bridge width will need to then accommodate two lanes of traffic in the second stage, while the other 
half of the bridge is constructed. Finally a center section may need to be constructed to neatly join the two 
halves.  

11‐7.5 Describe	Evaluation	and	Selection	of	Substructure	Alternatives	Based	
On	Economy	and	Performance	

Given that these bridges are located in an estuarine environment, the most likely foundation type is a deep 
foundation. The geotechnical engineer will make the final recommendations based on data obtained from 
the onsite boring logs and the structural engineer.  

The soils are likely to experience liquefaction during an earthquake. As such, the foundation will have to 
extend downward through the soft materials to stiff glacial soils for a solid fixed embedment. 

The cost comparison between types of deep foundations (piles verses shafts) does not always result in a 
clear cost advantage for either foundation type. Many factors come into play such as availability of 
equipment to a contractor, a contractor’s preferred method, the depth of the footing and the ease of 
access, construction schedule, and depth of foundation. In general, cost is not a determining factor for 
deep foundation type. Forces, displacement, and geological conditions will determine which system is best 
to use. 

Another factor, however, is preference. In this case BNSF typically prefers the use of pile foundations and 
has standardized them for simplicity in their behavior and constructability. BNSF has likely estimated the 
cost to be more reasonable than shafts (where deep foundations are required). Conversely, wide-diameter 
concrete shafts often calculate out favorably for supporting longer, heavier spans in regions with deep and 
soft soils.  

11‐7.6 Construction	Considerations	
The proposed staging of the railroad bridge construction must be approved by the railroad owner at the 
concept, development, and final plan milestones. The railroad will require a flagger to be present onsite 
during every day of the construction. The flagger will coordinate the train schedule with the contractor 
daily to minimize any potential interference with the trains. 

Roadway traffic will be maintained with some impacts during construction of the new bridges and raised 
roadway. It is estimated that the dike and the railroad bridge will be built first, followed by the State 
Route 20 bridges. The culverts will be constructed in stages and in accordance with which structure is 
under construction. Other impacts would be related to the issues of construction equipment coming and 
going to the site. Sediment control devices will need to be designed and installed to manage the sediment 
runoff during construction. 

Following construction of the new dike, the railroad traffic will be relocated to it, and the existing dike will 
be completely removed. 

It is unlikely that there will be any difficulty delivering the girders to the site. This site is easily accessible 
for this type of transport vehicle. This issue is generally handled during the fabricating stage when 
different routes are explored and a determination is made as to whether modifications to the girders are 
necessary. 

At this time, work is anticipated to require land-based driving rigs or large augers to dig the shaft holes. 
Other equipment may include excavators, cranes, concrete trucks, and dump trucks. Placing foundations 
is always a challenge and may require temporary fill areas to facilitate the heavy cranes. On the railroad 
bridge, it may be possible to have the foundation work done with the pile-driving rig on the new structure 
following in step with the erection of the new bridge span by span, or bent by bent. 
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The construction duration is described in Section 11-20. 

11‐7.7 Stability	Analyses	
Bridge stability is a fundamental component in the design process and depends on boundary conditions. 
In general, bridges are made stable by fixity in the soil/structure relationship, fixity between the cap 
beams and the foundation elements, and designing/detailing for various unbalanced loads. Longitudinally 
the bridge superstructure is held in position and restrained during earthquakes by positive connectivity to 
each intermediate pier, either “pinned” or “fixed.” The bridge superstructure, however, is allowed to 
expand at each abutment. Transversely, the bridge is tied together along its length because each girder is 
connected to the adjacent girder by the concrete deck which serves as a rather large horizontal diaphragm, 
and the entire superstructure is fixed or pinned to each pier. Together this ensures that all the transverse 
and longitudinal loads can be positively transferred directly to the supporting piers. The piers are 
designed to resist these loads and then transfer the forces directly to the foundation system. 

11‐7.8 Stress	Analyses	
Stress analyses are a fundamental component of the design process and serve as the basis of how all 
structural elements are selected, sized, and reinforced. Design will be in accordance with governing 
standards of the WSDOT Bridge Design Manual and the AASHTO LRFD Manual. 

The AREMA manual will serve to govern in the analysis and design of the railroad bridge. 

11‐7.9 Seismic	Analyses	
All seismic analysis is performed in compliance with the WSDOT requirements and the AASHTO LRFD 
Seismic Design Specifications. This bridge will be located in an active seismic zone. It will be designed for 
a seismic event with a 7% Probability of Exceedance in 75 years (approximately a 1,000-year return 
period). 

The essential seismic parameters to develop the Design Response Spectrum are arrived at by the 
geotechnical engineer, if site-specific; see Section 11-4.1.7 for details of the seismic analysis.  

Note:  AREMA manuals will be used for the seismic analysis and design specifications for the railroad 
bridge. 

11‐7.10 Thermal	Stress	Analyses	
Thermal analysis is a fundamental component of the design process and will be considered per the 
AASHTO LRFD design specifications. Thermal stresses are generally handled by providing expansion 
joints in strategic locations to permit a bridge to expand and contract without a large buildup of stresses 
or movement. AREMA manuals will be used for the railroad bridge. The roadway bridges will be allowed 
to move longitudinally at each abutment but will be restrained from moving at each pier. 

11‐7.11 Other	Analyses	
The conceptual design has been based on traffic requirements, hydraulic analyses, loading requirements 
of structures, and constructability considerations. 

11‐7.12 Additional	Studies,	Tests,	Analyses	
The information needed to design a bridge is generally captured in the following studies, tests and 
analyses:  

 Boundary and Topographic Survey 

 Geotechnical Investigation and Report 

 Hydraulic and Scour Analysis 
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Additional investigation and studies may be needed for permitting or other site requirements unrelated to 
the infrastructure. See Section 11-21 for a complete list of recommended additional studies and 
investigations. 

11‐8 ELECTRICAL	AND	MECHANICAL	REQUIREMENTS	
The fish passable tide gates proposed for the southeast portion of the new Telegraph Slough setback dike 
will require mechanical features. Because of the available head differentials, flows, and other factors 
these types of gates are typically not a catalog purchase and would likely need to be designed specifically 
for the site conditions. The mechanical features of the gates will be determined during PED. 

11‐9 HAZARDOUS	AND	TOXIC	MATERIALS	
An Environmental Site Assessment Level I survey was completed by the project sponsor on 21 
Feb 2011 . The Phase I site visit did not visit all areas of the 1,240 acre property. The Phase I 
survey noted the potential presence of several household, farm, and/or commercial debris 
locations but they were not accessed during the site visit. The site currently is used for 
agricultural, row crops, seed production, and hybrid poplar production. There is a known 
shop/equipment storage area associated with one property where parts for wind turbines are 
stored. Common chemicals associated with agricultural usages include pesticides and herbicides 
some persistent. The site currently has an active railroad, highway 20, regional transmission 
lines, and subsurface petroleum pipelines. The survey noted that the Department of Ecology is 
monitoring Facility #2688 Rogers Seed Company as a hazardous waste generator (record from 
1994), and that there has been no recent recorded action with this site.  

The Phase I survey recommended that each property acquired within the action area be assessed 
for dumps, household and farming related debris or other contaminants. The survey further noted 
that data gaps exist including: information regarding waste, dumps, equipment or chemical 
storage areas, asbestos or other contaminants associated with onsite structures, and any storage 
tanks on the site. As stated in Section 4.6.1.8 of the DEIS, the proposed action includes the 
removal of the marinas. 

A review of the Washington Department of Ecology Facility/Site (provides information on 
facilities and sites of environmental interest see figure below) and EPA EnviroFacts database 
was accessed on 30 April 2014. A facility which has been given a site ID may be associated with a 
permitted generator, stormwater discharge permit, or storage facility etc. ID numbers are not necessarily 
limited to those sites where a release occurred. If a release occurred and is under investigation, there is a 
possibility that the facility may be further investigated and then listed on the Confirmed and Suspected 
Contaminated site list or the Hazardous Sites list. 
The Ecology list five sites within the project boundaries: drainage and irrigation district 19 (FS 
ID 1462256), Granite Boatworks (FS ID 8617), Wilbur Ellis Co with an underground storage 
tank, Twin Bridges marina (FS ID 11284), and Tom & Jerrys Boat Center (FS ID 21150). None 
of these facilities are on the Ecology Confirmed and Suspected Contaminated Site List for 
Skagit County (only lists sites that are undergoing cleanup or awaiting further investigation) nor 
the Hazardous Sites List (only lists sites that have been assessed and ranked - updated Feb 26, 
2014). The Rodgers Seed Company mentioned in the EAS Phase I report is listed as No Further 
Action by Ecology on Jan 23, 1995. No additional information on the sites is available on the 
web page. 
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11‐10 CONSTRUCTION	PROCEDURES	AND	WATER	CONTROL	
PLAN		

The proposed restoration will involve earthwork and exposure of bare ground during new bridge 
construction, roadway raising, dike removal, new setback dike construction, channel network 
restoration, channel regrading, culvert and tide gate removal, and new culvert construction. At this stage 
of design, it is assumed that standard best management practices will be implemented to control erosion 
and sedimentation and ensure construction areas are stabilized as needed to prevent adverse impacts. A 
standard temporary erosion and sediment control plan will be developed during PED.  

The proposed restoration will also involve in-water work during new bridge construction, dike removal, 
channel excavation, culvert and tide gate removal, and new culvert construction. Industry standard 
measures will be implemented during removal of the roadway embankment, dikes and channel 
excavation to prevent the release of sediment-laden water.  

Most of the bridge will be constructed beyond the ordinary high water, however where bridge piers 
would be located in water, installation of caissons or coffer dams will be required prior to drilling of 
shafts to isolate the work zone. Specific measures of the in-water work plan will be determined during 
PED. Specific measures for construction procedures and water control will vary depending on the 
location and nature of the work. State and federal resource agencies will impose specific timing 
restrictions on in-water work to protect fish and wildlife. In addition, specific measures may be required 
under site-specific permit requirements and to protect downstream infrastructure or built environments. 
The erosion and water quality control plan will also need to consider and incorporate the findings of 
future analyses for hazardous and toxic materials at the site (as described in Section 11-9). A complete 
description of best management practices will be determined during PED. 
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11‐11 INITIAL	RESERVOIR	FILLING	AND	SURVEILLANCE	
PLAN		

The proposal is for ecosystem restoration. (Not applicable.) 

11‐12 FLOOD	EMERGENCY	PLANS	FOR	AREAS	
DOWNSTREAM	OF	CORPS	DAMS		

The proposal is for ecosystem restoration. (Not applicable.) 

11‐13 ENVIRONMENTAL	OBJECTIVE	AND	REQUIREMENTS	
All necessary information to develop designs, plans, and specifications, and to execute construction and 
operations is included in the Project's supporting documents including the U.S. Fish and Wildlife Service 
report titled "Strategic Restoration Conceptual Design - Preliminary Environmental Contaminant, 
Cultural Resource, and Endangered Species Site Evaluations." The environmental information developed 
for the analysis in the Environmental Impact Statement provides additional environmental objectives and 
requirements for final site design development. As summarized in Section 4- 6, Civil Design, substantial 
environmental information was developed for the Feasibility Study regarding environmental problems, 
opportunities, and constraints such that the Corps could estimate costs of the restoration sites and 
prepare the Real Estate Plan.  

11‐14 RESERVOIR	CLEARING		
The proposal is for ecosystem restoration. (Not applicable.) 

11‐15 OPERATION	AND	MAINTENANCE	(O&M)	
Operations and maintenance costs for the Telegraph Slough restoration are associated with the following 
elements: replacement State Route 20 with bridges across channels; construction of BNSF railway bridge 
across channels; removal all tidal and riverine dikes; and, new setback dikes along multiple portions of 
BNSF railroad and State Route 20. Overall, O&M costs would increase by an average of $10,470/year over 
a 50-year period of analysis. This increase is primarily due to the increase in total length of dikes 
constructed to protect transportation and related infrastructure. 

Maintenance costs for roadways and road bridges were developed based upon information available in the 
WSDOT’s Pavement Policy. It is assumed that all roadways are constructed with hot mix asphalt and that 
the maintenance of a particular road will occur as part of a larger effort that includes adjacent road 
sections. It is assumed that the bridge is constructed using pre-stressed concrete girders which are 
commonly used due to their low maintenance costs. WSDOT staff indicated that the maintenance costs do 
not vary greatly by bridge length (Wilson, 2011 and Baroga, 2011). Maintenance activities include: 

 roadway asphalt overlay twice during the 50-year period of analysis 

 roadway grind and inlay once during the 50-year period of analysis 

 road bridge inspection every other year during the 50-year period of analysis 

 road bridge cleaning at least once per year during the 50-year period of analysis 

Maintenance costs for railways and rail bridges were developed based upon the WSDOT (URS, 2008). 
Similar to roadways, an important assumption is that maintenance of the rail section would take place as 
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part of a larger maintenance action including adjacent rail. It is assumed that rail bridges would exist in 
an area where traffic control would be necessary to complete the inspection. Common maintenance 
activities include: 

 track maintenance is complete annually including search for internal defects 

 rail grinding is required four time during the 50-year period of analysis 

 rail bridge inspection is required annually 

At the current level of site design, all O&M activities have not been identified. Additional assessment of 
O&M activities will be conducted during PED. 

11‐15.1 33CFR	Part	208	Projects	
The proposed site is not a flood control project to be maintained and operated according to regulations in 
33 CFR 208. (Not applicable.) 

11‐15.2 Channel	or	Basin	Clean	Out	Projects	
The proposed site does not include channel or basin cleanout activities. (Not applicable.) 

11‐15.3 Multiple‐Purpose,	Complex	Projects	with	Power	Production	
The proposed site does not include power production. (Not applicable.) 

11‐15.4 Frequency	and	Cost	of	Maintenance	Dredging	
The Swinomish Channel is a federally maintained navigation channel which is dredged approximately 
every ten years.  Reconnecting Telegraph Slough to the Swinomish channel could result in an increase in 
sedimentation rates and an associated increase in the need for maintenance dredging.  Any potential 
impacts to navigation and maintenance dredging will be evaluated during PED. 

11‐16 ACCESS	ROADS	
No additional temporary or permanent access roads are anticipated. (Not applicable.)  

11‐17 CORROSION	MITIGATION	
Typical design standards use materials that are suitable for a marine environment such as concrete and 
galvanized steel pipe. Corrosion is generally not an issue for buried utilities or overhead power lines. 
However, when metal piping is used in certain environments, such as for a water main, the system may 
need to be evaluated by a licensed cathodic protection specialist. 

11‐18 PROJECT	SECURITY	
The proposal is for ecosystem restoration. (Not applicable.) 

11‐19 COST	ESTIMATES	
The Telegraph cost estimate of $297,425,000 (1Q FY2015 dollars) consists of costs to remove existing 
dikes, construct new setback levees, excavated sediment filled channel, connect Telegraph to outlet works, 
construct new bridges, raise roads to meet new alignments, demolish the existing structures, and install 



 

Engineering Appendix  Section 11 
Telegraph Slough   Page 44 

new culverts and diversion structures.  The largest cost driver is the cost of the new railroad berm ($XX 
million) and the construction of the three new bridges. It is important to note that this bridge is a 
common design used throughout the Nearshore project.  Because of this a standardized bridge model was 
created by personnel from Cost Engineering Team.  This model, with modifications, was used at this site.  
Refinements in bridge design are likely to change the features of the bridge, and any shift of costs is 
currently predicted to trend downwards due to conservative design and estimating methodology.  
Additionally, the cost driver for the railroad berm is the procurement of material which has the potential 
to drastically fluctuate based on economic factors. 

Other substantial cost drivers include the modified roadway, particularly the roadway work along SR-20.  
Significant costs are anticipated for raising the roadway elevations along with temporary traffic control 
measures.  SR-20 must remain open to the public for the duration of the project and as such many 
additional costly measures must be undertaken – such as construction of temporary traffic crossovers. 

Following a formal cost and schedule risks analysis meeting held on July 16, 2012 and reevaluated in July 
2014 by NWS Cost Engineering, a contingency of 23% was developed.  Risks included both site specific 
issues and items that crossed action boundaries and impacted the entire Puget Sound Nearshore project.  
Larger items included the uncertainty about how this project would be contracted.  This project would be 
extremely large for a single contract, and is likely to be broken up into multiple pieces.  This can increase 
project cost as it stretches contractor management over more time.  Another large risk is in the 
preliminary nature of the project designs.  Telegraph Slough is a very diverse project with multiple large 
scope features; uncertainties with earthwork grading, and limited bridge design information presents a 
potential for cost increases. 

There are risks that are not directly related to construction costs.  These include the possibility that the 
depth of the main restored channel is shallower than what is called for using geomorphic design 
principles. This carries the possibility of unfavorable sedimentation/erosion of the channel and reduced 
hydraulic access to the slough.  Additional design work will need to be done in PED and this issue will 
need to be monitored post-construction. 

Perhaps more significantly, connection of Telegraph Slough to the Swinomish channel may lead to 
unfavorable sedimentation in the Navigation Channel.  The potential effects of the connection will need to 
be evaluated during PED. Depending on this evaluation, the connection may need to be omitted from 
scope or have a developed monitoring plan for post-construction. 

11‐20 SCHEDULE	FOR	DESIGN	AND	CONSTRUCTION		
The proposed restoration at Telegraph Slough is considered highly complex. Based on the level of 
complexity, the anticipated design period for the site is approximately 4 years. This includes preparation 
of final design, plans and specifications, and the construction contract. 

The anticipated construction period for removal of multiple dikes and tide gates is approximately 36 to 48 
weeks over three summer construction seasons. Limited upland work would also occur over the winter. 
Any in-water construction activities will take place during established work windows. Rail construction 
would be the first order of work. The existing alignment would remain in operation while the new railroad 
berm/dike and rail bridge are constructed. Transition sections would be installed at the east and west 
limits. Rail traffic would be shifted to the new alignment and the existing rail removed. Dike removals 
cannot begin until the rail and highway are raised.  

Culverts beneath State Route 20 would likely be constructed using jack-and-bore methods. An alternative 
to this approach would be to construct them in phases. While the westbound lanes are closed to traffic, the 
north half of the culvert could be installed by conventional excavation and installation methods. The south 
half would then be constructed with the southbound lanes. 
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Traffic on State Route 20 would be maintained by reducing traffic in each direction to a single lane, and 
shifting traffic from the westbound lanes to the eastbound lanes for the first phase and vice versa for the 
second phase. The bridge and highway improvements would be constructed for the westbound lanes first. 
Once completed, all traffic would be shifted to the north side and the eastbound lanes constructed. 

Property acquisition and permitting timelines are not included in this duration, but the time required to 
complete these upfront activities is expected to be substantial. 

11‐21 SPECIAL	STUDIES	
Table 11-21-1 summarizes recommended studies and additional investigations needed to support 
subsequent stages of design and implementation. Unless otherwise noted, these studies are recommended 
to take place during PED. 

Table 11-21-1. Special Studies Recommended for the Telegraph Slough Site 

Type Basic Requirements 

Property 
Investigation/Survey 

 Compile more detailed information on parcel ownership and property 
boundaries to finalize the design, confirm acquisition requirements, 
and support negotiations with property owners. 

Topographic/Bathymetric 
Survey 

 Obtain site-specific survey data to provide more accurate preliminary 
designs and quantities for roadways, utilities, bridges, and removal of 
existing features including the extent of armoring.  

 Use survey data as a baseline for pre- and post-construction 
monitoring and hydrodynamic modeling.  

 Survey the top and toe of dikes at the east side of the Swinomish 
Channel and the south side of Padilla Bay, the top and toe of railroad 
berm and State Route 20 (eastbound and westbound lanes at 
Telegraph Slough), two former tidal channels proposed to be 
reconnected, the bottom of Telegraph Slough elevations on the north 
and south sides of State Route 20, and the invert elevations of tide 
gates. 

Hydraulic 
Analysis/Modeling 

 Revise the current 2-D hydraulic model of the Skagit River and 
overflows to reflect the changed geometry: 
 Determine flood elevations and the extent of other hydraulic 

effects from the project. 
 Provide design criteria for proposed roadway and utility 

improvements.  
 Provide recommendations for minimum deck/bridge 

elevations for State Route 20 and BNSF bridges. 
 Review sizing of channels and design tide gates and culverts 

to ensure adequate tidal interaction. 
 Evaluate the need to install a diversion structure at the junction 

between the Swinomish Channel and Telegraph Slough, carry out the 
hydraulic design and assess effects of this structure on hydraulics and 
sedimentation. 

 Address effects on wells and septic systems (if present) within the 
community on Channel Drive bordering the Swinomish Channel to 
the south of the site and on any other properties affected by the site.  

 Perform water quality sampling and analysis of water quality effects 
as needed. 
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Type Basic Requirements 

 Formulate a monitoring plan, including any required field surveys or 
instrumentation that will be used to evaluate the project’s hydraulic 
performance. 

 
Sedimentation Analysis  Assess the potential for scour at roadway embankments, abutments, 

bridge piers and downstream of water control structures due to 
accelerated flows and overtopping.  

 Analyze potential channel infilling of both Telegraph Slough and the 
Swinomish Channel and evolution of interior channels to determine 
the long-term stability of the site. 

 Evaluate temporary increases in sedimentation downstream of the 
site resulting from the release of sediment during the formation of 
new distributary channels. 

Coastal Engineering Studies   Install a temporary tide gauge in the early design stages to obtain site-
specific tidal statistics. 

 Refine sea level projections using localized tide gauge data.  
 Use a 2-D coastal-riverine hydrodynamic model of the Skagit estuary 

and Padilla Bay to evaluate tidal circulation, flood, and wave action 
and to forecast impacts to the estuary and adjacent properties 
following restoration.  

 Evaluate erosion in any areas which will be susceptible to wind waves. 
 Determine the effects of changes in salinity and sedimentation 

patterns around the river delta that could impact areas outside the 
site boundary, particularly the navigation channel. 

Geotechnical Investigation 

 

 Conduct soil borings, sampling, and testing to finalize design of dikes, 
levees, and bridge, road, and rail infrastructure, to address questions 
of slope stability of setback dikes, and to determine the size of 
required armor rock. 

 Evaluate whether seismic loading is required for the dikes since they 
are regularly loaded by tides.  

 Complete a settlement analysis for roadway and railway 
embankments. 

 Analyze dike design stability, settlement, and seepage.  
As-Built Information  Obtain additional as-built information for the existing bridges, 

roadways, and existing utilities to understand demolition and removal 
requirements and develop preliminary design details for new 
facilities. 

Foundation Design Study  Perform static and seismic analysis according to AASHTO LRFD for 
vehicle bridges and AREMA for railway bridges. 

Abutment Stability Study  Conduct a standard study to include potential for liquefaction and 
ground improvement. 

Pavement Design Study  Perform a pavement design study for new roadways and approaches 
(include traffic analysis for ESALs). 

Utility Survey  Obtain more detailed information on utilities to finalize the design 
and confirm acquisition requirements. 

Phase II Environmental Site 
Assessment 

 Assess historic fills and conduct soil sampling for contaminants. 



 

Engineering Appendix  Section 11 
Telegraph Slough   Page 47 

Type Basic Requirements 

Cultural Resources 
Investigation  

 Conduct surveys for archaeological and historic resources in areas 
proposed for excavation or other ground disturbance. 

Cost Study  Assess potential for cost and schedule reductions during refinement 
of restoration design. 

Navigation Study  Evaluate the potential for impacts to the navigation channel. 

Environmental Permitting   Complete documentation and applications for environmental permits 
with federal and state agencies. 

11‐22 DATA	MANAGEMENT	
Project documents, background materials, and digital files from the local sponsors were provided to the 
project team directly, through the State’s Habitat Work Schedule, or via the Nearshore Portal. The project 
team also used databases previously developed by and for Puget Sound Nearshore Ecosystem Restoration 
Project including the Change Analysis and backing geospatial data (see Section 11-3.1.1 for additional 
detail). 

Work products for the conceptual restoration designs were developed primarily in GIS and typical word 
processor and spreadsheet applications. GIS products for all sites were collected in a single geodatabase 
that captured spatially referenced locations and sizes of major design elements.  

11‐23 USE	OF	METRIC	SYSTEM	MEASUREMENTS	
This report uses United States customary units for design and construction measurements. To remain 
consistent with work conducted to date, the metric system of measurement was not used. 
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ANNEX	1:	EXHIBITS	

This annex contains a set of site-specific exhibits prepared for the proposed restoration. The exhibits 
include:  

Exhibit A – Conceptual Design Plan 

Exhibit B – Conceptual Design Sections 

Exhibit C – Quantity Estimates 

Exhibit D – Conceptual Road and Bridge Alignments  
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ANNEX	2:	COST	ESTIMATE	DETAIL	
Cost estimate details include estimated costs, anticipated construction schedule, and risk 
register.  
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Print Date Wed 23 July 2014 

Eff. Datil 7/16/2014 
U.S. hmy Corps of Engineers 

Project : G3 5 Telegraph Full Altemalive 
PSNERP Feasibility Report 

G3 5 Telegraph Full Altam~;~tive 

Tele~raph Slough Restoration 

SELECTED Al TERNATII/E This estl mata ie for !he Full Restoration Alternative . 
BASIS OF COSTS: Mil English Costbook and associated libraries, ve[ldor pricing. and buill crews. 

SCOPE OF WORK: Final Feasibili~ Report 
ESTIMATE CLASS: Conceptual, leval4 

Original Estimate: Wallace. Logan K .. PE. CCC <NWS) 
Revised Estimate: Wallaoe, Logan K .. PE. CCC (NWS) 

lime 09:37:25 

nue Page 

This ls a budge.lary cost estimate basad upon a Conceptual10% Des1gn Report The report is titled: 33. Telegraph Slough Phase i and 2 (#1633 and 1636), There ts no date on the report 
This estimate is for the Full Restoration Alternative. 

labor ID: NLS2012 EO ID: EP11R08 

Estimated by 
Designed by 
Prepared by 

Preparation Data 
Effective Date of Pricing 

Estimated Consb·ucUon Time 

NWS Cost Engineering 
NWS Design Branch 

WaiJace. logan K,. PE. CCC 206.764.6668 

7/16/2014 
7/16/2014 
1,020 Days 

This report is not cowrlghted, but the lnformatio1'1 oontail'1ed herein is For Official Use Only 

Currency in US dollars TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 
Eff. Date 7/16/2014 

Designed by 

NWS Design Branch 

Estimated by 

NWS Cost Engineering 

Prepared by 

Wallace. Logan K .. PE. CCC 206.764.6668 

Direct Costs 

LaborCost 

EQCost 

MaUCost 

SubBidCost 

U.S. ATmy Corps of Engineers Time 09:37:25 
Projec t : G3. 5 Telegraph Full Alternative 

PSNERP Feasibility Report library Properties Page i 

Coslbook CB12EB·b: Mil English Cost Book 2012-b 

Labor NLS2012: National Labor Library· Seattle 2012 

Design Document Final Feasibility Report 

Document Date 6/3/2014 

District SeatUe District 

Contact John T. Dudgeon, Chief Cost Engineering 
Branch 

Budget Year 2015 

UOM System Original 

Timeline/Currency 

Preparation Date 7/16/2014 

Escalation Date 7/16/2014 

Eff. Pricing Date 7/16/2014 

Estimated Duration 1020 Day(s) 

Currency US dollars 

Exchange Rate 1.000000 

w.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable. In a non-union job the whole fringes are taxable. In a union job, the vacation pay fringes is b 
Labor Rates 

Narl Labor 2010 

LaborCost2 

LaborCost3 

LaborCost4 

Equipment EP11R08: Mil Equipment 201 1 Region 08 

08 NORTHWEST Fuel Shipping Rates 
Sales Tax 5.40 Electricity 0.072 Over OCWT 28.32 

Working Hours per Year 1,540 Gas 4.000 Over240 CWT 26.60 
Labor Adjustment Factor 1.05 Diesel Off-Road 3.750 Over300CWT 24.23 

Cost of Money 2.50 Diesel On-Road 4.250 Over 400CWT 22.06 
Cost of Money Discount 25.00 Over500CWT 11.26 

Tire Recap Cost Factor 1.50 Over 700CWT 9.51 
Tire Recap Wear Factor 1.80 Over800CWT 648 

Tire Repair Factor 0.15 

Equipment Cost Factor 1.00 

Labor ID: NLS2012 EQ ID EP11R08 Currency in US dollars TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 

Eff. Data 7116{2014 

Standby Depreoia6on Factor 0.50 

labor ID: NLS2012 EO 10: EP11 R08 

U.S. hmy Corps of Engineers 

Project : G3 5 Telegraph Full Altemalive 
PSNERP Feasibility Report 

Currency in US dollar<> 

Time 09:37:25 

librruy Properties Pa_ge fi 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 
Eft. Date 711612014 

Direct Cost Markups 

Productivity 

Overtime 

Standard 

Actual 

Day 

Monday 

Tuesday 

Wednesday 
Thursday 

Foday 

Saturday 

Sunday 

Sales Tax 

Mat/Cost 

Contractor Markups 

JOOH 

HOOH 

Profit 

Bond 

Excise Tax 

WAB&O 

Owner Markups 

Escalation 

Contingency 

SIOH 

StartDate 
9/21/2011 

Days/Week 
500 

500 

OTFactor 

1.50 

1.50 

1.50 
1.50 

1.50 

1.50 

2.00 

Labor ID: NLS2012 EQ ID: EP11 ROB 

U.S. Army Corps of Engineers 
Project: G3 5 Telegraph Full Alternative 

PSNERP Feasibility Report 

Category 

Productivity 

Overtime 

Hours/Shift 
8.00 

8.00 

TaxAdj 

Category 

JOOH 

HOOH 

Profit 

Bond 

Excise 

Excise 

Category 

Escalation 

Startlndex 
0.00 

Contingency 

SIOH 

Working 

Yes 

Yes 

Yes 
Yes 

Yes 

No 
No 

Shifts/Day 
1.00 

1.00 

End Date 
9/21/2011 

Currency in US dollars 

Method 

Productivity 

Overtime 

1st Shift 
8.00 

8.00 

2nd Shift 
0.00 

0.00 

OTPercent 

0.00 

Running % on Selected Costs 

Method 

Running% 

Running% 

Running% 

Running% 

Running% 

Running% 

Method 

Escalation 

Running% 

Running % 

Endlndex 
0.00 

Time 09:37:25 

Markup Properties Page iii 

3rdShift 
0.00 

0.00 

FCCM Percent 

0.00 

Escalation 
0.00 

TRACES Mil Version 4.2 
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Print Date Wed 23 July 2014 U.S. Army Corps of Engineers Time 09:37:25 
Eff. Date 7/16/2014 Project: G3 5 Telegraph Full Alternative 

PSNERP Feasibility Report Project Cost Summary Page 1 

Descri tion Quantity UOM ContractCost Escalation Contingenc;t SIOH ProjectCost 

Project Cost Summary 149,365,163 0 0 0 149,365,163 

149,365. 163.22 149,365, 163.22 

G3 5 Telegraph Full Alternative 1.00 EA 149,365,163 0 0 0 149,365,163 

115,096,597.63 115,096,597.63 

Relocations 1.00 EA 115,096,598 0 0 0 115,096,598 

Roads 1.00 LS 38,153,913 0 0 0 38,153,913 

Railroads 1.00 LS 46,278,880 0 0 0 46,278,880 

30,663,804.25 30,663,804.25 

Bridges 1.00 EA 30,663,804 0 0 0 30,663,804 

6,071,278.59 6,071,278.59 

Floodway Control-Diversion Struc 1.00 EA 6,071 ,279 0 0 0 6,071,279 

6,071,278.59 6,071,278.59 

Floodway Control-Diversion Struc 1.00 EA 6,071,279 0 0 0 6,071 ,279 

10.767,231.26 10,767,231.26 

Levees and Floodwalls 1.00 EA 10,767,231 0 0 0 10,767,231 

10,767,231.26 10,767,231.26 

Levees 1.00 EA 10,767,231 0 0 0 10,767,231 

959,999.50 959,999.50 

Channels and Canals 1.00 EA 959,999 0 0 0 959,999 

959,999.50 959,999.50 

Channels 1.00 EA 959,999 0 0 0 959,999 

15,876,307.71 15,876,307.71 

Fish and Wildlife Facilities 1.00 EA 15,876,308 0 0 0 15,876,308 

15,876,307.71 15,876,307.71 

Wildlife Facilities & Sanctuary 1.00 EA 15,876,308 0 0 0 15,876,308 

Cultural Resource Preservation 1.00 LS 593,749 0 0 0 593,749 

Cultural Resource Preservation 1.00 LS 593,749 0 0 0 593,749 

Labor ID: NLS2012 EQ ID: EP11 R08 Currency in US dollars TRACES Mil Version 4.2 
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Telegraph Slough Phase 1 & 2 Full Alternative 10%- PDT R1sk Reg1ster (Draft) 

LOW ... .._ 

LOW ....... 

LOW ........ 

Project Title Mere) Project. any cost Impact of S Million or higher sllou ld be considered at least "Significant." 
S Million should be considered at ~ast "Margln31." 

Project Title Here] Project, any schedulelft'4)act of months or gre:rter should be considered 2t leasi " Signlflcant." 
months should be considered at least "Marginal." 
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COST ENGINEERING 

 

Puget Sound Nearshore Environmental Restoration Program 

 

INTRODUCTION 

 

The purpose of this appendix is to document and present the detailed cost estimate prepared in support 

of the Puget Sound Nearshore (PSNERP) GI. The project is intended to restore a more natural hydrology 

and environment at project sites throughout the Puget Sound. These individual projects are scattered 

throughout the Puget Sound, and the scope of work varies widely between them.  The local sponsor for 

this project is the Washington State Department of Fish & Wildlife.  

 

The basis of the cost estimates is conceptual design drawings and conceptual quantities prepared by the 

Project Delivery Team (PDT). Additional information developed by the PDT is incorporated into the 

estimate.  This includes emails, phone calls, and in-person discussions. The MCACES estimate documents 

the basis of information used in development of costs, down to the lowest reasonable level.  Guidance 

for preparation was obtained from ER 1110-2-1150 Engineering and Design (E&D) for Civil Works 

Projects, ER 1110-1-1300 E&D Cost Engineering Policy and General Requirements, ER 1110-2-1302 Civil 

Works Cost Engineering, and ETL 1110-2-573 E&D Construction Cost Estimating Guide for Civil Works. 

The cost estimates were prepared using Micro-Computer Aided Cost Estimating System MII version 4. 

Supporting cost libraries or databases were MII 2012-b English Cost Book, 2011 Region VIII Equipment 

library (EP 1110-1-8) and the 2012 National Labor Library rates for Seattle, Washington. 

 

The cost estimate was prepared at a level commensurate with the level of design detail, which should be 

considered as conceptual.   Substantial additional design will be required at all sites that are contained 

within the PSNERP footprint. 

 

Uncertainties regarding the cost estimate are documented in the Cost and Schedule Risk Analysis (CSRA) 

risk register and based on a Formal risk analysis suitable for this stage in the planning process. 

 

Quantities used in the cost estimate came from two sources: primarily they were developed by the 

applicable designer and delivered to the cost engineer, who then validated that they are reasonable.  

Additionally, limited quantities were developed by the cost estimator to support the estimate. 

 

Lastly, this is a cost share project with the Washington State Department of Fish & Wildlife (WDFW) as 

the Local Sponsor.  Federal costs are anticipated to be 65% of the Total Project Cost, with the balance to 

be WDFW’s share. 

 

PRICE LEVEL 

 

The three categories of cost contained in the Total Project Cost Summary (TPCS) are “Estimated Cost,” 

“Project First Cost,” and “Total Project Cost.” The estimated cost, which is the cost calculated in MCACES 



(MII), is based on a price level of June 2014.  The Project First Cost, or in other words the value the 

project is actually authorized at, is set at October 2015.  Lastly, the date point of the Total Project Cost 

which is the cost the government will pay at the year of construction varies from 2017 to 2037.  The 

sites are expected to be constructed over a period of decades and each site will have its own midpoint 

of construction. 

 

Escalation is based on the March 2014 Civil Works Construction Cost Index System (CWCCIS), EM 1110-

2-1304. 

 

It is assumed that the Seattle metropolitan area possesses a sufficiently large and diverse enough 

contractor, labor, equipment, and material base to support the project.  The potential that this is not the 

case is considered within the risk analysis.  Sources of cost information include MII 2012-b English Cost 

Book, 2011 Region VIII Equipment library (EP 1110-1-8) and the 2012 National Labor Library rates for 

Seattle, Washington.  Additionally, vendor quotes for critical items were solicited and utilized for major 

components, or items that would otherwise be difficult to account for. 

 

The cost of the selected plan is considered fair and reasonable, provided the construction is done by a 

prudent and well equipped contractor. 

 

COST ESTIMATE STRUCTURE 

 

The cost estimate for the project was prepared by the Cost Engineering Section within Seattle District.  

The overall structure of the cost estimate is dictated by the Civil Works – Work Breakdown Structure.  

This structure is followed down to the sub-feature level (e.g. feature 11 Levees and Floodwalls, followed 

by sub-feature 1101 Levees.)  The remainder of the estimate structure is based on the expected 

construction methodology and phasing techniques as determined by the PDT. 

 

A site specific discussion regarding cost, schedule, and risk is included within the Engineering Appendix.  

What follows is a discussion regarding the methodology used in estimate development throughout the 

Program. 

 

Project features in the total project cost summary (TPCS) are in accordance with the CWWBS: 
 
 01 Lands and Damages include the real estate acquisitions of project lands, easements and rights-of 
ways. Costs are real estate, non-Federal’s sponsors cost for land surveys, title preparation, legal opinions 
and Federal costs of reviewing the non-Federal sponsor’s documents for legal sufficiency. 
 
02 Relocations includes costs to modify existing public infrastructure.  This removal and replacement of 
existing roads, bridges, rail, and utilities to allow hydraulic processes to be restored.   
 
06 Fish & Wildlife Facilities.  This includes all effort such as plantings, removal of environmental 
stressors, and filling of agricultural ditches that prevent natural processes.  It should be noted that all 
demolition of items such as roads, bridges, or utilities are accounted for here if they are not being 

javascript:ShowOrHideContentJquery('ICG_ETH_1756','1756');
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relocated to a new location.  If these are being relocated than they are accounted for under 02 
RELOCATIONS.   
 
While not separately given their own line in the top sheet of the TPCS, Adaptive Management and 
Monitoring are both funded under this account, and are explicitly noted for each project site.  These are 
not separately accounted for in MCACES, as they are based on a percentage of cost (similar to 30 PED or 
31 CM).  At the request of the Planning Team, an allowance equal to 1% of all construction activities (not 
including PED, CM, Monitoring, or Cultural Resources) will be allocated for Monitoring. Similarly an 
allowance equal to 3% of construction activities will be allocated for Adaptive Management.  Both of 
these are allowed under ER 1105-2-100 Sec. 3-5.b.(8).  Implementation Guidance issued August 31, 2009 
for Section 2039 of WRDA 2007 requires these activities be done, and that Monitoring can be cost 
shared for 10 years following construction completion. 
 
09  Channels & Canals.  This accounts for all costs to create tidal channels and canals that will restore 
areas to a more natural wetland state . 
 
11 Levee and Floodwalls.  Includes costs for demolition, installation, breaching, and lowering of all 
levees within a site.  Other incidentals such as levee armoring are also accounted for here.  
 
15 Floodway Control.  Includes costs for removal and installation of items such as tide gates or weirs. 
 
17 Beach Replenishment. Includes all costs related to beach nourishment.  This can be from on-site 
sources or from imported beach material.  
 
18 Cultural Resource Preservation. Includes calculated costs for work related to site surveys.  These 
surveys may be done by the contractor and would evaluate historical structures and archaeological 
elements at the site.  At the requirement of the Planning Team, an additional amount to account for 
Cultural Resource data recovery was included.  This is allowed per ER 1105-2-100 App C C-4.d (10).  The 
amount selected was 1% of all construction costs (not including PED, CM, Monitoring, or Adaptive 
Management) and is accounted for under the TPCS.  Similar to Adaptive Management and Monitoring, 
this 1% additional cost is accounted for only within the TPCS.  MCACES contains calculated values that 
cover surveys, analyses, and reports, however, the 1% of construction costs is in addition to that.  
 
30 Planning, Engineering and Design (PED). Provides the estimated engineering design costs for each 
project.  In consultation with the Project Manager, three ranges for PED costs were determined based 
on the construction cost of the project.  These categories were: projects between $0.1M and $10M, 
$10.1M to $99.9M, and $100M to $500M.  Projects at the upper and lower ends of the spectrum had 
PED costs based on lump sum values, while those ranging from $10.1M to $99.9M had costs based on 
percentages. In general, design costs are somewhat correlated to project cost (as projects cost more, 
they are typically more complex).  However, for lower construction cost projects, design cost estimates 
may under calculate the amount of work required, while for larger projects they may over calculate.  
Thus, set values were used for these extremes. 
 
31 Construction Management (CM) provide the estimated CM or Supervision and Administration costs 
based on a percentage or lump sum of the construction cost features.  The ranges used for this are 
identical to those used in 30 PLANNING, ENGINEERING, & DESIGN. 
 



Contingencies are added to the cost estimates in the TPCS based on the results of the cost and schedule 
risk analysis performed on in 2012, and reviewed in 2014.  Contingency for construction activities is 27%, 
while the overall contingency of the project is 25%.  Contingency values vary between sites but 
encompass a range of 21% to 54%. Results of the cost risk study yielded a percent contingency which 
has been added to the construction costs of the project.  This value is not separate and distinct from the 
base cost of the project, but is a key component of it.  As the project is developed, it is expected that the 
calculated cost of various features will increase as more becomes known regarding the sites. As more 
detail is available, contingency will be reduced as uncertainty and risk are lowered. 
 
Escalation factors to the Effective Price Level Date and the Fully Funded Project Estimate Amount 
through the end of construction have also been included as part of the TPCS.  The inflation was based on 
an assumed authorization date of October 1, 2015 and a mid-point of construction that varies between 
projects (2017-20137). 
 
The date of authorization and schedule of projects are assumptions.  If the date of authorization is 
delayed, the overall project schedule will be delayed.  Similarly, the project schedule could be extended 
if funding does not match the original expectations. 
 
The overall project schedule and sequence was determined in coordination with Project Management.  
The most basic assumption is that the overall program will take 22 years: two years for initial planning 
and design, and 20 years to start all construction activities. 
  
Key assumptions made while preparing construction costs: 

- Disposal points for rock, fill, and construction debris are available within 30 miles. 
- Sources of rock, fill, and general construction materials are available within 30 miles. 
- Levee construction will require entirely new fill. 
- Levees that are removed will have their fill disposed of off-site, unless explicitly noted 

otherwise. 
- Barge access is assumed at all island locations. 
- Existing roads and utilities will be replaced “in-kind” where demolished.  Any changes in design 

codes must be incorporated when constructing new public infrastructure. However, if an 
existing road is two lanes, it will not be replaced with a four lane highway. 

- All property acquisitions and easements can be achieved, and no modifications of levee or 
floodwall footprints are required. 

- There is sufficient workforce and equipment available to complete the project within the 
calculated timeframe. 

- Work on any site within the PSNER Program will be performed entirely by one Prime Contractor, 
with multiple sub-contractors.  All work will occur under one contract per site. 

- Sub-contractors are assumed to do all non-supervisory work.  This minimizes risk of alternate 
contracting arrangements. 

- Staging areas are available close to the project elements. 
 
Many of these assumptions were made by the PDT as a whole, but as they have significant cost impacts 
they are listed above. 
 



DEVELOPMENT OF COSTS BY FEATURE 

 

GENERAL 

 

Most design information for PSNERP originally came from an Architect-Engineer hired by the 

Washington Department of Fish and Wildlife.  A detailed discussion of this information was verified and 

updated is available in the appropriate Design appendices. 

 

Quantities for each site are accounted for in the Exhibits attached to the Engineering Appendix.  Note 

that there are variations and differences from the Quantity Estimates that are accounted for in the 

estimate.  This is done based on designer guidance.  A discussion of this occurs below in VARIATIONS 

FROM DESIGNS. 

 

O1 REAL ESTATE 

 

Real estate costs along with internal administrative costs for land purchases and easements were 

provided to the Cost Engineer by Diane Jordan (NWS Real Estate).  Note that contingencies are not 

broken out separately in the TPCS for 01 REAL ESTATE.  Please see the real estate appendix for further 

information. 

 

02 RELOCATIONS 

 

Information regarding road removal and installation, utilities, bridges, and railway construction activities 

would be done was provided to Cost Engineering by NWS Civil Design.  Bridge information was 

coordinated with NWS Structures and NWS Geotechnical Design.  Subsequently installation costs were 

developed based on RS Means production rates, custom crews and production rates based on site 

specific constraits, and vendor quotes for materials.  Bridge design information was limited for the 

project and a standardized model was developed and used in all locations where road or rail bridge 

construction occurred.    

This standardized bridge model includes large caissons being drilled to there appropriate depth, piers 

being installed, and heavy use of cranes to set girders into place. For new roads, 10” asphalt on top of 

12” of crushed rock is assumed.  Road construction includes crews to demo and replace hot mix asphalt, 

place pavement marking, provide traffic control and survey the site.   

 

Utilities are estimated conservatively: typically where relocated lines are required, large mains are 

assumed. 

 

06 WILDLIFE FACILITIES & SANCTUARY 

 

Quantities and rough scopes of what work will occur was provided by NWS Civil Design while being 

coordinated with NWS Environmental and Cultural Resources Branch (ECRB).  For example, while 

vegetation areas were provided by Civil Design, the plant mix and spacing was provided by ECRB.  Other 



elements, such as the large woody debris, were based on designs from other projects.  Costs for this 

feature come from vendor quotes, RS Means items, and estimator judgment related to productivity.  

This account encompasses the widest array of different activities, but one feature that is consistent 

across most sites is building demolition.  Little is known about the various structures being demolished 

within the project sites.  Single story steel framed buildings were assumed, and the fact that this is likely 

to vary is considered in the risk analysis. 

 

Plantings were given to Cost Engineering as an area, and a template plant spacing and species mix was 

provided by ECRB.  A riparian mix was developed for upland areas, and a saltwater plantings mix was 

developed for areas that would be inundated. 

 

09 CHANNELS & CANALS 

 

Quantities and rough scopes of what work will occur was provided by NWS Civil Design.  Limited 

hydraulic design work was done by NWS Hydraulics and Hydrology (H&H) Branch.  

Excavation is done by tracked excavator or backhoe and is either side cast in low berms, used elsewhere 

on-site, or hauled to an off-site disposal facility.  The channels are shallow and two cubic yard excavators 

are typically used. 

 

11 LEVEES AND FLOODWALLS 

 

Quantities and rough scopes of what work will occur was provided by NWS Civil Design.  Fill material 

costs are based on vendor quotes (note that all fill is assumed to be purchased), and production rates 

and crew composition is based on RS Means items or calculated by the cost engineer.  In certain areas, 

protective rip rap will be placed to armor the riverward slope.  All grading information was developed 

from LIDAR surveys and contains a relatively high amount of uncertainty.  This uncertainty is discussed 

and evaluated as part of the Cost & Schedule Risk Analysis.  

 

Existing levees are either lowered by scrapers or excavators, and breaching is done by excavators.  

Levees that are breached typically are on islands and have their excess material graded out on-site in 

order to allow natural flow. New levee construction is done by crews consisting of excavators, dozers, 

and roller compactors that shape the levee into the proper prism. 

 

The major outlier to this methodology is Milltown Island.  At this site levee breaches are done with 

explosive blasting.  This construction technique required consultation with specialized contractors 

during estimate development.  Additionally, elements such as 24-hour security were assumed at this 

site, which is not typical for all ten other locations.   

 

Unusual construction methodologies or problematic design conditions were not assumed in the 

estimate.  Settlement during or shortly after construction was not assumed to be an issue at project 

sites.  The PDT does recognize that these issues are likely to occur at some of the projects, but lacked 



sufficient information to make a determination.  The possibility that this will occur is evaluated in the 

Cost & Schedule Risk Analysis. 

 

15 FLOODWAY CONTROL 

 

Quantities and design information was provided by NWS Civil Design and NWS Hydraulics & Hydrology.  

Limited design information was available regarding these features and often estimator assumptions are 

used regarding size of culverts.  Conservative judgment was used in all cases. Typically this involved 

placing concrete or corrugated steel culverts in an newly constructed levee during the construction of 

that levee.  The exception is at Everett Marshland where a large diameter culvert is direct bored through 

an existing rail berm. 

 

17 BEACH REPLENISHMENT 

 

Quantities and design information was provided by NWS Civil Design.  Clean material is assumed to be 

imported to the site and spread at the required location with dozers. The exception is at Livingston Bay, 

where sandy material will be obtained from excavation of a small inlet. 

 

18 CULTURAL RESOURCE PRESERVATION 

 

Requirements were specified by NWS Environmental and Cultural Resources Branch.  Includes time for 

survey and analysis of each site and report preparation. 

 

VARIATIONS FROM DESIGNS 

 

While consistency across all sites and designs was a priority, certain items related to the projects differ 

from the design information provided.  This was done on explicit designer guidance.  Below is a site by 

site listing of these issues. 

 

BEACONSFIELD 

No substantial variations occurred. 

 

DEEPWATER SLOUGH 

Tide gates are being removed at this site and there is limited design information.  Assumptions by the 

estimator were made regarding sizing and composition.  Details related to this are contained within 

MCACES per standard practice. 

 

DEER HARBOR 

The bridge at this site is being demolished in stages and traffic will continue to run across the bridge for 

a portion of this time.  Details related to temporary supports and the demolished bridge composition 

are not in the report, but were discussed with NWS Structures.  Specific details related to this are 



contained within MCACES per standard practice. 

 

DUGUALLA BAY 

This site uses additional design information prepared by NWS Geotechnical related to bridge pier depth 

and seismic improvements.  This is in addition to the design information provided in the Quantity 

Estimate exhibit.  Bridge pier depths were modified from their original 100 foot depth and were 

evaluated on a site to site basis.  Seismic upgrades were determined to be necessary at the bridge 

abutments and costs for stone pile stabilization were included. 

 

EVERETT MARSHLAND 

This site uses additional design information prepared by NWS Geotechnical related to bridge pier depth 

and seismic improvements.  This is in addition to the design information provided in the Quantity 

Estimate exhibit.  Bridge pier depths were modified from their original 100 foot depth and were 

evaluated on a site to site basis.  Seismic upgrades were determined to be necessary at the bridge 

abutments and costs for stone pile stabilization were included. 

 

The rail bridge currently on the site is listed as being repaired/replaced while operations continue.  This 

will be extremely difficult.  The estimate includes cost to fully replace the bridge, however this funding 

may be insufficient and the possibility of a shoofly bridge is evaluated in the Cost & Schedule Risk 

Analysis. 

 

This site also contains large transmission lines that pass through the center of the project.  Following 

major design efforts, it was determined that these must be relocated in order to accommodate levees 

that will be beneath this.  This scope is noted in the Engineering Appendix, however the design details 

were developed by NWS Electrical Design in coordination with Civil Design and Geotechnical Design. 

 

Finally, as noted in the quantity estimate, a pump station is being demolished and replaced.  No 

additional design information was available, and the replacement is based heavily on historical costs.  

The pumping capacity is known, and was provided by NWS Hydraulics.  Thus the estimate includes 

pumps and associated capacity as part of the estimate. 

 

LIVINGSTON BAY 

No substantial variations occurred. 

 

MILLTOWN ISLAND 

As it is a construction methodology, the designs did not include guidance related to explosive 

placement.  This was developed by the estimator with coordination and discussion with suppliers and 

contractors. 

 

NOOKSACK 

This site uses additional design information prepared by NWS Geotechnical related to bridge pier depth 

and seismic improvements.  This is in addition to the design information provided in the Quantity 



Estimate exhibit.  Bridge pier depths were modified from their original 100 foot depth and were 

evaluated on a site to site basis.  Seismic upgrades were determined to be necessary at the bridge 

abutments and costs for stone pile stabilization were included. 

 

The design requirements for water control structures have limited development in the Quantity 

Estimate, and additional work was done by NWS H&H to determine a cost to replace the Water Control 

structure at the Nooksack-Lummi confluence.  The design drawings for the existing structure were 

obtained by H&H and were used as the basis for the new structure. 

 

Vegetation area is listed in the quantity estimate was 830 acres, however this was modified by the PM 

and Lead Biologist to 567.4 acres with half the area being set to riparian planting and the other half 

hydroseeded. 

 

NORTH FORK 

No substantial variations occurred. 

 

SPENCER ISLAND 

No substantial variations occurred. 

 

TELEGRAPH SLOUGH 

This site uses additional design information prepared by NWS Geotechnical related to bridge pier depth 

and seismic improvements.  This is in addition to the design information provided in the Quantity 

Estimate exhibit.  Bridge pier depths were modified from their original 100 foot depth and were 

evaluated on a site to site basis.  Seismic upgrades were determined to be necessary at the bridge 

abutments and costs for stone pile stabilization were included. 

 

 

CONTRACTOR AND INDIRECT COST CONSIDERATIONS 

 

The cost estimator assumed the work is done by a prime contractor who will subcontract  most of the 
construction work. The reasoning for this is that the smaller locations are likely to be managed by Small 
Business contractors, and the larger ones are likely to be broken up into many smaller contracts.  
Assuming a large contractor will be performing this work would be a very risky assumption.  Contract 
acquisition strategy will be an important aspect of the PED phase.  Specialty activities such as concrete 
placement, paving, and electrical/mechanical work are to be done by subcontractors hired by the prime 
contractor. No more than one level of sub-contractors is presently assumed.  This arrangement makes 
for up to two levels of contracting and markup costs (job office overhead, home office overhead, profit, 
bond, and B&O tax). 
 

PRIME CONTRACTOR 

 

The prime contractor’s job office overhead (JOOH) is assumed to be 10%.  This is expected to cover all 
direct supervision, temporary office facilities, and small tools costs.  A running percentage was used in 



order to minimize risk related to breaking the project into pieces.  A calculated JOOH would be prone to 
underestimating the amount of overhead required if the actual schedule duration increased. 
 
The home office overhead (HOOH) expenses are those cost incurred by the contractor for its overall 
business management of their main office expenses. These main offices expenses include cost such as 
upper management, accounting, personnel, and legal. This cost estimator set the HOOH at   
15 percent of the construction cost. 
 
It should be noted that at present, a single prime contractor is assumed for each project site.  However, 
this was selected for simplicity at this early stage of project definition.  Many sites are likely to be split 
between multiple contractors.  The prime contractor is assumed to be a small business who will be sub-
contracting the majority of the work that will occur during the course of the project. 
 
The profit for the prime contractor was calculated to be 9 percent of the running construction cost, 
which includes direct cost, JOOH and HOOH markups. 
 
Performance and payment bond premium is included as a percentage of the running construction cost, 
including the direct cost, JOOH, HOOH, and profit.  An additional allowance was made for the contractor 
to purchase insurance and other protective measures for this construction. Both of these items together 
total 2.5%. 
 
Lastly, Washington State possesses a 0.484 percent B&O tax which is applied as a running cost on top of 
all other expenses. 
 

SUBCONTRACTORS 

 

JOOH rates for the subcontractors were assumed to be 10 percent on the job. This includes on-site 
management costs, costs for small tools, temporary facilities, and mobilization and demobilization of 
support equipment. 
 
HOOH for the subcontractors is assumed to be 10 percent to cover the subcontractors’ permanent 
offices or home office expense. 
 
Profit for the subcontractors was set at 9 percent. 
 
A 2.5% allowance was made for the contractor to purchase insurance and other protective measures for 
this construction. 
 
Lastly, Washington State possesses a 0.484 percent B&O tax which is applied as a running cost on top of 

all other expenses. 

 

PLANNING, ENGINEERING, AND DESIGN 

 

The Planning, Engineering and Design (PED) costs are the costs from authorization until the site specific 
construction contract is awarded. This work includes detailed surveys, soil investigations and 
preparation of the plans and specifications to guide the contractor to construct the project. As noted 
above these values are established based on project sizes with three separate tiers.  



 

CONSTRUCTION MANAGEMENT 

 

The Construction Management (CM) costs are determined as a percent of the estimated construction 
costs. Similar to PED funding, this was broken into three tiers. The Planner in coordination with Cost 
Engineering selected a 15 percent contingency. 
 

CONTINGENCY 

 

Current regulations require analysis of schedule and costs risks. See the C&SRA Attachment for the 
Formal Cost Risk Analysis Study (C&SRA) documentation that was performed in 2012, and reevaluated in 
2014.  The results of the cost risk study were that a 27 percent contingency (based on the 80% 
confidence interval) was appropriate for construction costs.  A formal Monte Carlo simulation was done 
for each project site as required. 
 
Contingency for 01 Real Estate costs was determined by NWS Real Estate.  These values depend on the 
specific site and are available in the Real Estate Annex. 
 
An output of the risk analysis is contingency, whose purpose is an added cost included in the cost 
estimate to cover unknowns.  Risk drivers vary across the project, but certain elements were common 
across the project..   
 
Unknowns across the project could include:  

- Earthwork quantities were considered very speculative given the limited amount of design 
information available and the limited resolution of the LIDAR surveys.  Variations of 20% could 
occur where levees and other major earthwork construction occurs. 

- The bridge construction model used across the project utilizes a number of assumptions and 
there could be significant cost increases if these change during later design. 

- A common assumption across all projects is that one Prime Contractor will be responsible for all 
construction.  This was done to ease the estimating process and since there is not a way at 
present to determine how these will be contracted.  It is likely that these sites will be split into 
two or more contracts.  The risk to the base construction cost is relatively low: JOOH is 
calculated based on a percentage of the project cost and is not dependent on schedule, and sub 
contractors are assumed to do all work on a site.  However, there would be substantial impacts 
to overall project schedule. 

- The available information on existing roads is minimal and there is a large degree of uncertainty 
as to what the existing roads are like and what exact changes will need to be made to 
accommodate new and raised levees.  While the construction required for roads is well 
understood, additional detail will be needed related to items such as road width, depth of base 
and HMA, as well as how much road will be need to be relocated.  This also applied to utilities, 
as information available was minimal at best. 

- There may be difficulties in dealing with the large number of entities that will be affected by the 
project.  State and federal highways, railroad mainlines, local utilities, and affected homeowner 
will all have concerns regarding project impacts to their property.  This should not be viewed as 
a problem, as properly resolving stakeholder concerns is desirable.  However, the scope and 



requirements of this is unknown, and may require extended time spent in the PED phase, or 
even changes to the project footprint to make reasonable accommodations. 

 

PROJECT SCHEDULE 

 

The project schedule for the PSNERP Program was developed by the cost engineer based on MII 
calculated durations.  Project length depends upon the individual site and projected durations range 
from a couple of months to several years.  Note that all durations are built on the assumption of a single 
contract, with concurrent construction activities.  Breaking the contract into smaller elements would 
increase the duration. 
 
Prior to construction start and after authorization, Planning, Engineering, and Design will occur.  This is 
expected to take at least two years before any project starts construction.  PED will continue until all 
projects are contracted. 
 

OPERATIONS, MAINTENANCE, REPAIR, REHABILITATION, AND REPLACEMENT COSTS 

 

A OMRR&R estimate was prepared by NWS Economics.  Please review that appendix for information. 
 

FINAL FEASIBILITY ESTIMATE 

 

The final feasibility cost estimate as presented in the following Total Project Cost Summary 
(TPCS) for is as follows: 
 

Cost of Puget Sound Nearshore Environmental Restoration Program 
Washington State 

2014 Feasibility Report 
 

FY 2015 Price Level $1,126,340,000 
Fully Funded Amount $1,710,353,000 

 

 

 

ATTACHMENTS 

 TPCS 

 PROJECT SCHEDULES (included with each site-specific section of this engineering appendix) 

 MCACES REPORTS (included with each site-specific section of this engineering appendix) 

 CSRA REPORT AND RISK REGISTERS (included with each site-specific section of this engineering 

appendix) 

 

 



**** TOTAL PROJECT COST SUMMARY **** Printed:9/16/2014 
Page 1 of 12

Filename: PSNERP TPCS Final Feasibility.xlsx
TPCS

PROJECT: DISTRICT: NWS Seattle District PREPARED: 7/1/2014
PROJECT  NO: 0 POC:   CHIEF, COST ENGINEERING, John Dudgeon
LOCATION: Washington State

This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report
                      

Program Year (Budget EC): 2015
Effective Price Level Date: 1  OCT 14

 Spent Thru:
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 10/1/2014 ESC COST CNTG FULL

NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)    ($K)    ($K)    (%)    ($K)    ($K)    ($K)  
A B C D E F G H I J M N O

02 RELOCATIONS $287,347 $73,198 25% $360,545 1.6% $291,813 $74,336 $366,149 $0 $366,149 45.5% $424,786 $107,822 $532,608
06 FISH & WILDLIFE FACILITIES $105,224 $29,875 28% $135,099 1.6% $106,858 $30,339 $137,196 $0 $137,196 41.6% $151,402 $42,841 $194,243
09 CHANNELS & CANALS $6,229 $2,213 36% $8,441 1.6% $6,325 $2,247 $8,572 $0 $8,572 41.2% $8,959 $3,146 $12,105
11 LEVEES & FLOODWALLS $184,647 $53,863 29% $238,510 1.6% $187,519 $54,700 $242,219 $0 $242,219 44.6% $271,017 $79,253 $350,270
15 FLOODWAY CONTROL & DIVERSION STRU $9,626 $2,448 25% $12,073 1.6% $9,775 $2,486 $12,261 $0 $12,261 50.7% $14,741 $3,737 $18,478
17 BEACH REPLENISHMENT $858 $227 26% $1,085 1.6% $872 $231 $1,102 $0 $1,102 47.5% $1,291 $335 $1,626
18 CULTURAL RESOURCE PRESERVATION $9,232 $2,532 27% $11,764 1.5% $9,374 $2,571 $11,946 $0 $11,946 41.9% $13,314 $3,638 $16,952

__________ __________ _________ __________ _________ _________ __________ ____________  ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $603,162 $164,355 27% $767,518 1.6% $612,537 $166,909 $779,446 $0 $779,446 44.5% $885,510 $240,772 $1,126,281

01 LANDS AND DAMAGES $66,101 $0 0% $66,101 1.6% $67,129 $0 $67,129 $0 $67,129 17.9% $79,140 $0 $79,140

30 PLANNING, ENGINEERING & DESIGN $127,398 $35,165 28% $162,562 2.2% $130,149 $35,924 $166,073 $0 $166,073 53.4% $199,881 $54,801 $254,682
  

31 CONSTRUCTION MANAGEMENT $87,458 $23,831 27% $111,289 2.2% $89,347 $24,346 $113,693 $0 $113,693 120.1% $196,838 $53,411 $250,249

PROJECT COST TOTALS: $884,119 $223,351 25% $1,107,470  $899,161 $227,179 $1,126,340 $0 $1,126,340 51.9% $1,361,368 $348,984 $1,710,353

Mandatory by Regulation   CHIEF, COST ENGINEERING, John Dudgeon
ESTIMATED FEDERAL COST: 65% $1,111,729

  PROJECT MANAGER, Lynn Wetzler  ESTIMATED NON-FEDERAL COST: 35% $598,623
  

  CHIEF, REAL ESTATE, Christopher Borton  ESTIMATED TOTAL PROJECT COST: $1,710,353
 

  CHIEF, PLANNING, Valerie Ringold

  CHIEF, ENGINEERING, JoAnn Walls

  CHIEF, OPERATIONS, Elizabeth Coffey

  CHIEF, CONSTRUCTION, Arill Berg

  CHIEF, CONTRACTING, Pat Blackwood

  CHIEF,  PM-PB, xxxx

  CHIEF, PPMD & DDEPM, Olton Swanson

TOTAL 
FIRST 
COST

Puget Sound Nearshore Ecosystem Restoration

Civil Works Work Breakdown Structure ESTIMATED COST

Mandatory by Regulation

Mandatory by Regulation

TOTAL PROJECT COST     
(FULLY FUNDED)

PROJECT FIRST COST       
(Constant Dollar Basis)



**** TOTAL PROJECT COST SUMMARY **** Printed:9/16/2014 
Page 2 of 12

Filename: PSNERP TPCS Final Feasibility.xlsx
TPCS

**** CONTRACT COST SUMMARY ****

PROJECT: DISTRICT: NWS Seattle District PREPARED: 7/1/2014
LOCATION: Washington State POC:   CHIEF, COST ENGINEERING, John Dudgeon
This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report

7/1/2014 2015
 7/1/2014 1  OCT 14

RISK BASED 
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL

NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  
A B C D E F G H I J P L M N O

Beaconsfield
06 FISH & WILDLIFE FACILITIES $617 $333 54% $951 1.6% $627 $338 $965 2031Q3 38.4% $868 $468 $1,336

06 Monitoring $6 $3 54% $10 1.6% $6 $3 $10 2031Q3 38.4% $9 $5 $13

06 Adaptive Management $19 $10 54% $29 1.6% $19 $10 $29 2031Q3 38.4% $26 $14 $40

18 CULTURAL RESOURCE PRESERVATION $77 $41 54% $118 1.6% $78 $42 $120 2031Q3 38.4% $108 $58 $166
 $0

__________ __________ _________ __________ _________ _________ __________ ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $719 $388 54% $1,107 $730 $394 $1,124 $1,011 $545 $1,556

01 LANDS AND DAMAGES $1,053 $0 0% $1,053 1.6% $1,069 $0 $1,069 2023Q2 17.6% $1,257 $0 $1,257

30 PLANNING, ENGINEERING & DESIGN
27.8%     Project Management $200 $108 54% $308 2.2% $204 $110 $315 2023Q2 37.0% $280 $151 $431

5.2%     Planning & Environmental Compliance $38 $20 54% $58 2.2% $39 $21 $59 2023Q2 37.0% $53 $29 $81
104.3%     Engineering & Design $750 $405 54% $1,155 2.2% $766 $413 $1,180 2023Q2 37.0% $1,050 $567 $1,617

5.2%     Reviews, ATRs, IEPRs, VE $38 $20 54% $58 2.2% $39 $21 $59 2023Q2 37.0% $53 $29 $81
0.0%     Life Cycle Updates (cost, schedule, risks) $0 $0 54% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
5.2%     Contracting & Reprographics $38 $20 54% $58 2.2% $39 $21 $59 2023Q2 37.0% $53 $29 $81

15.7%     Engineering During Construction $113 $61 54% $174 2.2% $116 $62 $178 2031Q3 95.7% $226 $122 $349

10.5%     Planning During Construction $75 $41 54% $116 2.2% $77 $42 $119 2031Q3 95.7% $151 $81 $232
5.2%     Project Operations $38 $20 54% $58 2.2% $39 $21 $59 2023Q2 37.0% $53 $29 $81

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $72 $39 54% $111 2.2% $74 $40 $113 2031Q3 95.7% $144 $78 $222

2.0%     Project Operation: $14 $8 54% $22 2.2% $14 $8 $22 2031Q3 95.7% $28 $15 $43
2.5%     Project Management $18 $10 54% $28 2.2% $18 $10 $28 2031Q3 95.7% $36 $19 $55

CONTRACT COST TOTALS: $3,166 $1,140 $4,306 $3,223 $1,162 $4,385 $4,394 $1,693 $6,087

ESTIMATED COST

Estimate Prepared:
Effective Price Level:

Program Year (Budget EC):
Effective Price Level Date:

Puget Sound Nearshore Ecosystem Restoration

TOTAL PROJECT COST (FULLY FUNDED)PROJECT FIRST COST
(Constant Dollar Basis)Civil Works Work Breakdown Structure



**** TOTAL PROJECT COST SUMMARY **** Printed:9/16/2014 
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Filename: PSNERP TPCS Final Feasibility.xlsx
TPCS

**** CONTRACT COST SUMMARY ****

PROJECT: DISTRICT: NWS Seattle District PREPARED: 7/1/2014
LOCATION: Washington State POC:   CHIEF, COST ENGINEERING, John Dudgeon
This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report

7/1/2014 2015
 7/1/2014 1  OCT 14

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
Deepwater Slough

06 FISH & WILDLIFE FACILITIES $1,887 $1,004 53% $2,891 1.6% $1,916 $1,019 $2,936 2017Q4 5.4% $2,021 $1,075 $3,095

06 Monitoring $34 $18 53% $52 0.0% $34 $18 $52 2017Q4 5.4% $36 $19 $55

06 Adaptive Management $102 $54 53% $156 0.0% $102 $54 $156 2017Q4 5.4% $108 $57 $165

11 LEVEES & FLOODWALLS $1,518 $807 53% $2,325 1.6% $1,541 $820 $2,361 2017Q4 5.4% $1,625 $864 $2,489

18 CULTURAL RESOURCE PRESERVATION $52 $28 53% $80 0.0% $52 $28 $80 2017Q4 5.4% $55 $29 $84
 

__________ __________ _________ __________ _________ _________ __________ ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $3,593 $1,911 53% $5,504 $3,646 $1,939 $5,585 $3,845 $2,045 $5,889

01 LANDS AND DAMAGES $1,430 $0 0% $1,430 1.6% $1,452 $0 $1,452 2016Q2 2.4% $1,487 $0 $1,487

30 PLANNING, ENGINEERING & DESIGN
5.6%     Project Management $200 $106 53% $306 2.2% $204 $109 $313 2016Q2 4.4% $213 $113 $327

1.1%     Planning & Environmental Compliance $38 $20 53% $58 2.2% $39 $21 $59 2016Q2 4.4% $40 $21 $62
20.9%     Engineering & Design $750 $399 53% $1,149 2.2% $766 $407 $1,174 2016Q2 4.4% $800 $425 $1,226
1.1%     Reviews, ATRs, IEPRs, VE $38 $20 53% $58 2.2% $39 $21 $59 2016Q2 4.4% $40 $21 $62
0.0%     Life Cycle Updates (cost, schedule, risks) $0 $0 53% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
1.1%     Contracting & Reprographics $38 $20 53% $58 2.2% $39 $21 $59 2016Q2 4.4% $40 $21 $62
3.2%     Engineering During Construction $113 $60 53% $173 2.2% $116 $62 $177 2017Q4 10.6% $128 $68 $196

2.1%     Planning During Construction $75 $40 53% $116 2.2% $77 $41 $118 2017Q4 10.6% $85 $45 $131
1.1%     Project Operations $38 $20 53% $58 2.2% $39 $21 $59 2016Q2 4.4% $40 $21 $62

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $359 $191 53% $550 2.2% $367 $195 $562 2017Q4 10.6% $406 $216 $621

2.0%     Project Operation: $72 $38 53% $110 2.2% $74 $39 $113 2017Q4 10.6% $81 $43 $125
2.5%     Project Management $90 $48 53% $138 2.2% $92 $49 $141 2017Q4 10.6% $102 $54 $156

CONTRACT COST TOTALS: $6,834 $2,874 $9,708 $6,948 $2,923 $9,871 $7,307 $3,095 $10,403

Estimate Prepared: Program Year (Budget EC):
Effective Price Level: Effective Price Level Date:

Puget Sound Nearshore Ecosystem Restoration

ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis) TOTAL PROJECT COST (FULLY FUNDED)Civil Works Work Breakdown Structure



**** TOTAL PROJECT COST SUMMARY **** Printed:9/16/2014 
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**** CONTRACT COST SUMMARY ****

PROJECT: DISTRICT: NWS Seattle District PREPARED: 7/1/2014
LOCATION: Washington State POC:   CHIEF, COST ENGINEERING, John Dudgeon
This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report

7/1/2014 2015
 10/1/2013 1  OCT 14

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
Deer Harbor

02 RELOCATIONS $3,920 $1,044 27% $4,964 1.6% $3,981 $1,060 $5,042 2033Q4 44.7% $5,763 $1,535 $7,298

06 FISH & WILDLIFE FACILITIES $169 $45 27% $214 1.6% $172 $46 $217 2033Q4 44.7% $248 $66 $315

06 Monitoring $41 $11 27% $52 1.6% $42 $11 $53 2033Q4 44.7% $60 $16 $76

06 Adaptive Management $123 $33 27% $155 1.6% $125 $33 $158 2033Q4 44.7% $180 $48 $228

18 CULTURAL RESOURCE PRESERVATION $107 $29 27% $136 1.6% $109 $29 $138 2033Q4 44.7% $158 $42 $200
 $0

__________ __________ _________ __________ _________ _________ __________ ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $4,360 $1,161 27% $5,521 $4,428 $1,179 $5,607 $6,410 $1,707 $8,116

01 LANDS AND DAMAGES $123 $0 0% $123 1.6% $125 $0 $125 2024Q2 19.9% $150 $0 $150

30 PLANNING, ENGINEERING & DESIGN
4.6%     Project Management $200 $53 27% $253 2.2% $204 $54 $259 2024Q2 42.7% $291 $78 $369

0.9%     Planning & Environmental Compliance $38 $10 27% $48 2.2% $39 $10 $49 2024Q2 42.7% $55 $15 $70
17.2%     Engineering & Design $750 $200 27% $950 2.2% $766 $204 $970 2024Q2 42.7% $1,093 $291 $1,384
0.9%     Reviews, ATRs, IEPRs, VE $38 $10 27% $48 2.2% $39 $10 $49 2024Q2 42.7% $55 $15 $70
0.0%     Life Cycle Updates (cost, schedule, risks) $0 $0 27% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
0.9%     Contracting & Reprographics $38 $10 27% $48 2.2% $39 $10 $49 2024Q2 42.7% $55 $15 $70
2.6%     Engineering During Construction $113 $30 27% $143 2.2% $116 $31 $146 2033Q4 117.8% $252 $67 $319

1.7%     Planning During Construction $75 $20 27% $96 2.2% $77 $21 $98 2033Q4 117.8% $168 $45 $213
0.9%     Project Operations $38 $10 27% $48 2.2% $39 $10 $49 2024Q2 42.7% $55 $15 $70

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $436 $116 27% $552 2.2% $445 $119 $564 2033Q4 117.8% $970 $258 $1,228

2.0%     Project Operation: $87 $23 27% $110 2.2% $89 $24 $113 2033Q4 117.8% $194 $52 $245
2.5%     Project Management $109 $29 27% $138 2.2% $111 $30 $141 2033Q4 117.8% $243 $65 $307

CONTRACT COST TOTALS: $6,405 $1,673 $8,078 $6,516 $1,702 $8,218 $9,990 $2,620 $12,610

TOTAL PROJECT COST (FULLY FUNDED)

Estimate Prepared: Program Year (Budget EC):

Puget Sound Nearshore Ecosystem Restoration

Civil Works Work Breakdown Structure

Effective Price Level: Effective Price Level Date:

ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis)
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**** CONTRACT COST SUMMARY ****

PROJECT: Puget Sound Nearshore Ecosystem Restoration DISTRICT: NWS Seattle District PREPARED: 7/1/2014
LOCATION: Washington State POC:   CHIEF, COST ENGINEERING, John Dudgeon
This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report

 7/1/2014 Program Year (Budget EC): 2015
  10/1/2013 Effective Price Level Date: 1  OCT 14 FULLY FUNDED PROJECT ESTIMATE

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
Dugualla Bay

02 RELOCATIONS $24,189 $5,193 21% $29,383 1.6% $24,565 $5,274 $29,839 2036Q4 53.6% $37,734 $8,101 $45,835

06 FISH & WILDLIFE FACILITIES $2,149 $461 21% $2,611 1.6% $2,183 $469 $2,651 2036Q4 53.6% $3,353 $720 $4,073

06 Monitoring $455 $98 21% $553 1.6% $462 $99 $562 2036Q4 53.6% $710 $153 $863

06 Adaptive Management $1,366 $293 21% $1,659 1.6% $1,387 $298 $1,685 2036Q4 53.6% $2,131 $458 $2,588

09 CHANNELS & CANALS $284 $61 21% $345 1.6% $288 $62 $350 2036Q4 53.6% $442 $95 $537

11 LEVEES & FLOODWALLS $18,294 $3,928 21% $22,222 1.6% $18,578 $3,989 $22,567 2036Q4 53.6% $28,537 $6,127 $34,664

17 BEACH REPLENISHMENT $619 $133 21% $752 1.6% $629 $135 $763 2036Q4 53.6% $965 $207 $1,173

18 CULTURAL RESOURCE PRESERVATION $686 $147 21% $834 1.6% $697 $150 $847 2036Q4 53.6% $1,071 $230 $1,301
 $0

__________ __________ _________ __________ _________ _________ __________ ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $48,043 $10,315 21% $58,358 $48,790 $10,475 $59,265 $74,944 $16,090 $91,035

01 LANDS AND DAMAGES $8,360 $0 0% $8,360 1.6% $8,490 $0 $8,490 2025Q2 22.3% $10,384 $0 $10,384

30 PLANNING, ENGINEERING & DESIGN
2.5%     Project Management $1,201 $258 21% $1,459 2.2% $1,227 $263 $1,490 2025Q2 48.7% $1,824 $392 $2,216

1.0%     Planning & Environmental Compliance $480 $103 21% $583 2.2% $490 $105 $596 2025Q2 48.7% $729 $157 $886
15.0%     Engineering & Design $7,206 $1,547 21% $8,753 2.2% $7,362 $1,581 $8,942 2025Q2 48.7% $10,945 $2,350 $13,295
1.0%     Reviews, ATRs, IEPRs, VE $480 $103 21% $583 2.2% $490 $105 $596 2025Q2 48.7% $729 $157 $886
0.0%     Life Cycle Updates (cost, schedule, risks) $0 $0 21% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
1.0%     Contracting & Reprographics $480 $103 21% $583 2.2% $490 $105 $596 2025Q2 48.7% $729 $157 $886
3.0%     Engineering During Construction $1,441 $309 21% $1,750 2.2% $1,472 $316 $1,788 2036Q4 152.5% $3,718 $798 $4,516

2.0%     Planning During Construction $961 $206 21% $1,167 2.2% $982 $211 $1,193 2036Q4 152.5% $2,479 $532 $3,011

1.0%     Project Operations $480 $103 21% $583 2.2% $490 $105 $596 2025Q2 48.7% $729 $157 $886

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $4,804 $1,031 21% $5,835 2.2% $4,908 $1,054 $5,961 2036Q4 152.5% $12,393 $2,661 $15,054

2.0%     Project Operation: $961 $206 21% $1,167 2.2% $982 $211 $1,193 2036Q4 152.5% $2,479 $532 $3,011
2.5%     Project Management $1,201 $258 21% $1,459 2.2% $1,227 $263 $1,490 2036Q4 152.5% $3,098 $665 $3,764

CONTRACT COST TOTALS: $76,098 $14,543 $90,641 $77,400 $14,795 $92,195 $125,181 $24,647 $149,828

TOTAL PROJECT COST (FULLY FUNDED)

Estimate Prepared:

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis)

Effective Price Level:
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**** CONTRACT COST SUMMARY ****

PROJECT: Puget Sound Nearshore Ecosystem Restoration DISTRICT: NWS Seattle District PREPARED: 7/1/2014
LOCATION: Washington State POC:   CHIEF, COST ENGINEERING, John Dudgeon
This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report

 7/1/2014 Program Year (Budget EC): 2015
  10/1/2013 Effective Price Level Date: 1  OCT 14 FULLY FUNDED PROJECT ESTIMATE

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
Everett Marshland

02 RELOCATIONS $72,245 $20,835 29% $93,080 1.6% $73,367 $21,159 $94,527 2033Q4 44.7% $106,198 $30,627 $136,825

06 FISH & WILDLIFE FACILITIES $21,474 $6,193 29% $27,667 1.6% $21,808 $6,289 $28,098 2033Q4 44.7% $31,567 $9,104 $40,670

06 Monitoring $1,795 $518 29% $2,313 1.6% $1,823 $526 $2,349 2033Q4 44.7% $2,639 $761 $3,400

06 Adaptive Management $5,386 $1,553 29% $6,939 1.6% $5,470 $1,577 $7,047 2033Q4 44.7% $7,917 $2,283 $10,200

11 LEVEES & FLOODWALLS $82,258 $23,723 29% $105,981 1.6% $83,537 $24,092 $107,629 2033Q4 44.7% $120,917 $34,872 $155,789

15 FLOODWAY CONTROL & DIVERSION STRU $3,554 $1,025 29% $4,579 1.6% $3,610 $1,041 $4,651 2033Q4 44.7% $5,225 $1,507 $6,732

18 CULTURAL RESOURCE PRESERVATION $2,384 $688 29% $3,072 1.6% $2,421 $698 $3,120 2033Q4 44.7% $3,505 $1,011 $4,516
 $0

__________ __________ _________ __________ _________ _________ __________ ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $189,097 $54,535 29% $243,632 $192,037 $55,383 $247,420 $277,967 $80,166 $358,132

01 LANDS AND DAMAGES $9,500 $0 0% $9,500 1.6% $9,648 $0 $9,648 2022Q4 16.4% $11,231 $0 $11,231

30 PLANNING, ENGINEERING & DESIGN
1.3%     Project Management $2,500 $721 29% $3,221 2.2% $2,554 $737 $3,291 2022Q4 34.4% $3,432 $990 $4,422

0.5%     Planning & Environmental Compliance $1,000 $288 29% $1,288 2.2% $1,022 $295 $1,316 2022Q4 34.4% $1,373 $396 $1,769
7.9%     Engineering & Design $15,000 $4,326 29% $19,326 2.2% $15,324 $4,419 $19,743 2022Q4 34.4% $20,591 $5,938 $26,529
0.5%     Reviews, ATRs, IEPRs, VE $1,000 $288 29% $1,288 2.2% $1,022 $295 $1,316 2022Q4 34.4% $1,373 $396 $1,769
0.0%     Life Cycle Updates (cost, schedule, risks) $0 $0 29% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
0.5%     Contracting & Reprographics $1,000 $288 29% $1,288 2.2% $1,022 $295 $1,316 2022Q4 34.4% $1,373 $396 $1,769
1.6%     Engineering During Construction $3,000 $865 29% $3,865 2.2% $3,065 $884 $3,949 2033Q4 117.8% $6,675 $1,925 $8,600

1.1%     Planning During Construction $2,000 $577 29% $2,577 2.2% $2,043 $589 $2,632 2033Q4 117.8% $4,450 $1,283 $5,734
0.5%     Project Operations $1,000 $288 29% $1,288 2.2% $1,022 $295 $1,316 2022Q4 34.4% $1,373 $396 $1,769

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $18,910 $5,454 29% $24,364 2.2% $19,318 $5,571 $24,890 2033Q4 117.8% $42,076 $12,135 $54,211

2.0%     Project Operation: $3,782 $1,091 29% $4,873 2.2% $3,864 $1,114 $4,978 2033Q4 117.8% $8,415 $2,427 $10,842
2.5%     Project Management $4,727 $1,363 29% $6,090 2.2% $4,829 $1,393 $6,222 2033Q4 117.8% $10,518 $3,033 $13,551

CONTRACT COST TOTALS: $252,516 $70,086 $322,601 $256,768 $71,269 $328,037 $390,847 $109,481 $500,328

Civil Works Work Breakdown Structure ESTIMATED COST TOTAL PROJECT COST (FULLY FUNDED)

Estimate Prepared:
Effective Price Level:

PROJECT FIRST COST
(Constant Dollar Basis)
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**** CONTRACT COST SUMMARY ****

PROJECT: Puget Sound Nearshore Ecosystem Restoration DISTRICT: NWS Seattle District PREPARED: 7/1/2014
LOCATION: Washington State POC:   CHIEF, COST ENGINEERING, John Dudgeon
This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report

 7/1/2014 Program Year (Budget EC): 2015
  10/1/2013 Effective Price Level Date: 1  OCT 14 FULLY FUNDED PROJECT ESTIMATE

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
Livingston Bay

06 FISH & WILDLIFE FACILITIES $878 $345 39% $1,223 1.6% $891 $350 $1,242 2029Q4 33.7% $1,192 $468 $1,660

06 Monitoring $38 $15 39% $53 1.6% $39 $15 $54 2029Q4 33.7% $52 $20 $72

06 Adaptive Management $114 $45 39% $159 1.6% $116 $46 $161 2029Q4 33.7% $155 $61 $216

09 CHANNELS & CANALS $2,327 $914 39% $3,241 1.6% $2,363 $928 $3,291 2029Q4 33.7% $3,160 $1,241 $4,401

11 LEVEES & FLOODWALLS $360 $142 39% $502 1.6% $366 $144 $510 2029Q4 33.7% $489 $192 $682

17 BEACH REPLENISHMENT $240 $94 39% $334 1.6% $243 $96 $339 2029Q4 33.7% $325 $128 $453

18 CULTURAL RESOURCE PRESERVATION $145 $57 39% $202 1.6% $147 $58 $205 2029Q4 33.7% $197 $77 $274
 $0

__________ __________ _________ __________ _________ _________ __________ ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $4,101 $1,611 39% $5,713 $4,165 $1,636 $5,801 $5,570 $2,188 $7,758

01 LANDS AND DAMAGES $4,528 $0 0% $4,528 1.6% $4,598 $0 $4,598 2022Q2 15.3% $5,300 $0 $5,300

30 PLANNING, ENGINEERING & DESIGN
4.9%     Project Management $200 $79 39% $279 2.2% $204 $80 $285 2022Q2 31.7% $269 $106 $375

0.9%     Planning & Environmental Compliance $38 $15 39% $53 2.2% $39 $15 $54 2022Q2 31.7% $51 $20 $71
18.3%     Engineering & Design $750 $295 39% $1,045 2.2% $766 $301 $1,067 2022Q2 31.7% $1,009 $396 $1,406
0.9%     Reviews, ATRs, IEPRs, VE $38 $15 39% $53 2.2% $39 $15 $54 2022Q2 31.7% $51 $20 $71
0.0%     Life Cycle Updates (cost, schedule, risks) $0 $0 39% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
0.9%     Contracting & Reprographics $38 $15 39% $53 2.2% $39 $15 $54 2022Q2 31.7% $51 $20 $71
2.8%     Engineering During Construction $113 $44 39% $158 2.2% $116 $45 $161 2029Q4 80.6% $209 $82 $291

1.8%     Planning During Construction $75 $30 39% $105 2.2% $77 $30 $107 2029Q4 80.6% $139 $55 $194
0.9%     Project Operations $38 $15 39% $53 2.2% $39 $15 $54 2022Q2 31.7% $51 $20 $71

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $410 $161 39% $571 2.2% $419 $165 $583 2029Q4 80.6% $757 $297 $1,054

2.0%     Project Operation: $82 $32 39% $114 2.2% $84 $33 $117 2029Q4 80.6% $151 $59 $211
2.5%     Project Management $103 $40 39% $143 2.2% $105 $41 $147 2029Q4 80.6% $190 $75 $265

CONTRACT COST TOTALS: $10,514 $2,352 $12,866 $10,689 $2,393 $13,082 $13,797 $3,339 $17,136

TOTAL PROJECT COST (FULLY FUNDED)

Estimate Prepared:
Effective Price Level:

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis)
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**** CONTRACT COST SUMMARY ****

PROJECT: Puget Sound Nearshore Ecosystem Restoration DISTRICT: NWS Seattle District PREPARED: 7/1/2014
LOCATION: Washington State POC:   CHIEF, COST ENGINEERING, John Dudgeon
This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report

 7/1/2014 Program Year (Budget EC): 2015
  10/1/2013 Effective Price Level Date: 1  OCT 14 FULLY FUNDED PROJECT ESTIMATE

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
Milltown

06 FISH & WILDLIFE FACILITIES $205 $107 52% $312 1.6% $208 $109 $317 2019Q4 9.7% $228 $120 $348

06 Monitoring $9 $4 52% $13 1.6% $9 $5 $13 2019Q4 9.7% $10 $5 $15

06 Adaptive Management $26 $13 52% $39 1.6% $26 $14 $40 2019Q4 9.7% $29 $15 $44

09 CHANNELS & CANALS $438 $230 52% $668 1.6% $445 $233 $678 2019Q4 9.7% $488 $256 $744

11 LEVEES & FLOODWALLS $213 $112 52% $325 1.6% $217 $114 $330 2019Q4 9.7% $238 $125 $362

18 CULTURAL RESOURCE PRESERVATION $39 $20 52% $59 1.6% $39 $21 $60 2019Q4 9.7% $43 $23 $66
 $0

__________ __________ _________ __________ _________ _________ __________ ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $929 $487 52% $1,417 $944 $495 $1,439 $1,036 $543 $1,578

01 LANDS AND DAMAGES $308 $0 0% $308 1.6% $313 $0 $313 2017Q2 4.4% $327 $0 $327

30 PLANNING, ENGINEERING & DESIGN
21.5%     Project Management $200 $105 52% $305 2.2% $204 $107 $311 2017Q2 8.5% $222 $116 $338

4.1%     Planning & Environmental Compliance $38 $20 52% $58 2.2% $39 $20 $59 2017Q2 8.5% $42 $22 $64
80.7%     Engineering & Design $750 $393 52% $1,143 2.2% $766 $402 $1,168 2017Q2 8.5% $831 $436 $1,267
4.1%     Reviews, ATRs, IEPRs, VE $38 $20 52% $58 2.2% $39 $20 $59 2017Q2 8.5% $42 $22 $64
0.0%     Life Cycle Updates (cost, schedule, risks) $0 $0 52% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
4.1%     Contracting & Reprographics $38 $20 52% $58 2.2% $39 $20 $59 2017Q2 8.5% $42 $22 $64

12.2%     Engineering During Construction $113 $59 52% $173 2.2% $116 $61 $176 2019Q4 19.5% $138 $72 $211

8.1%     Planning During Construction $75 $40 52% $115 2.2% $77 $40 $118 2019Q4 19.5% $92 $48 $140
4.1%     Project Operations $38 $20 52% $58 2.2% $39 $20 $59 2017Q2 8.5% $42 $22 $64

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $93 $49 52% $142 2.2% $95 $50 $145 2019Q4 19.5% $113 $59 $173

2.0%     Project Operation: $19 $10 52% $29 2.2% $19 $10 $30 2019Q4 19.5% $23 $12 $35
2.5%     Project Management $23 $12 52% $35 2.2% $23 $12 $36 2019Q4 19.5% $28 $15 $43

                                         

CONTRACT COST TOTALS: $2,662 $1,234 $3,896 $2,712 $1,257 $3,970 $2,977 $1,389 $4,366

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis) TOTAL PROJECT COST (FULLY FUNDED)

Estimate Prepared:
Effective Price Level:
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**** CONTRACT COST SUMMARY ****

PROJECT: Puget Sound Nearshore Ecosystem Restoration DISTRICT: NWS Seattle District PREPARED: 7/1/2014
LOCATION: Washington State POC:   CHIEF, COST ENGINEERING, John Dudgeon
This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report

 7/1/2014 Program Year (Budget EC): 2015
  10/1/2013 Effective Price Level Date: 1  OCT 14 FULLY FUNDED PROJECT ESTIMATE

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
Nooksack

02 RELOCATIONS $68,904 $18,060 26% 86,964$     1.6% $69,975 $18,340 $88,316 2028Q1 29.2% $90,373 $23,687 $114,060

06 FISH & WILDLIFE FACILITIES $28,853 $7,562 26% 36,416$     1.6% $29,302 $7,680 $36,982 2028Q1 29.1% $37,843 $9,919 $47,762

06 Monitoring $1,378 $361 26% 1,739$       1.6% $1,399 $367 $1,766 2028Q1 29.1% $1,807 $474 $2,280

06 Adaptive Management $4,133 $1,083 26% 5,216$       1.6% $4,197 $1,100 $5,297 2028Q1 29.1% $5,421 $1,421 $6,841

09 CHANNELS & CANALS $603 $158 26% 761$          1.6% $612 $160 $773 2028Q1 29.1% $791 $207 $998

11 LEVEES & FLOODWALLS $39,400 $10,327 26% 49,727$     1.6% $40,013 $10,487 $50,501 2028Q1 29.1% $51,677 $13,545 $65,222

18 CULTURAL RESOURCE PRESERVATION $2,975 $780 26% 3,755$       1.6% $3,021 $792 $3,813 2028Q1 29.1% $3,902 $1,023 $4,925
 $0

__________ __________ _________ __________ _________ _________ __________ ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $146,246 $38,331 26% 184,578 $148,520 $38,927 $187,447 $191,814 $50,274 $242,088

01 LANDS AND DAMAGES $10,899 $0 0% 10,899$     1.6% $11,068 $0 $11,068 2019Q4 9.7% $12,142 $0 $12,142

30 PLANNING, ENGINEERING & DESIGN
1.7%     Project Management $2,500 $655 26.2% 3,155 2.2% $2,554 $669 $3,223 2019Q4 19.5% $3,051 $800 $3,851

0.7%     Planning & Environmental Compliance $1,000 $262 26.2% 1,262 2.2% $1,022 $268 $1,289 2019Q4 19.5% $1,220 $320 $1,540
10.3%     Engineering & Design $15,000 $3,932 26.2% 18,932 2.2% $15,324 $4,016 $19,340 2019Q4 19.5% $18,306 $4,798 $23,104
0.7%     Reviews, ATRs, IEPRs, VE $1,000 $262 26.2% 1,262 2.2% $1,022 $268 $1,289 2019Q4 19.5% $1,220 $320 $1,540
0.0%     Life Cycle Updates (cost, schedule, risks) $0 $0 26.2% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
0.7%     Contracting & Reprographics $1,000 $262 26.2% 1,262 2.2% $1,022 $268 $1,289 2019Q4 19.5% $1,220 $320 $1,540
2.1%     Engineering During Construction $3,000 $786 26.2% 3,786 2.2% $3,065 $803 $3,868 2028Q1 67.2% $5,123 $1,343 $6,466

1.4%     Planning During Construction $2,000 $524 26.2% 2,524 2.2% $2,043 $536 $2,579 2028Q1 67.2% $3,415 $895 $4,310
0.7%     Project Operations $1,000 $262 26.2% 1,262 2.2% $1,022 $268 $1,289 2019Q4 19.5% $1,220 $320 $1,540

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $14,625 $3,833 26.2% 18,458 2.2% $14,941 $3,916 $18,857 2028Q1 67.2% $24,974 $6,546 $31,519

2.0%     Project Operation: $2,925 $767 26.2% 3,692 2.2% $2,988 $783 $3,771 2028Q1 67.2% $4,995 $1,309 $6,304
2.5%     Project Management $3,656 $958 26.2% 4,614 2.2% $3,735 $979 $4,714 2028Q1 67.2% $6,243 $1,636 $7,879

CONTRACT COST TOTALS: $204,851 $50,835 255,686 $208,325 $51,701 $260,026 $274,945 $68,880 $343,825

TOTAL PROJECT COST (FULLY FUNDED)

Effective Price Level:

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis)

Estimate Prepared:
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**** CONTRACT COST SUMMARY ****

PROJECT: Puget Sound Nearshore Ecosystem Restoration DISTRICT: NWS Seattle District PREPARED: 7/1/2014
LOCATION: Washington State POC:   CHIEF, COST ENGINEERING, John Dudgeon
This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report

 7/1/2014 Program Year (Budget EC): 2015
  10/1/2013 Effective Price Level Date: 1  OCT 14 FULLY FUNDED PROJECT ESTIMATE

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
North Fork

02 RELOCATIONS $2,079 $803 39% $2,882 1.6% $2,111 $816 $2,927 2037Q4 56.7% $3,307 $1,278 $4,585

06 FISH & WILDLIFE FACILITIES $8,873 $3,429 39% $12,302 1.6% $9,011 $3,482 $12,493 2037Q4 56.7% $14,118 $5,455 $19,574

06 Monitoring $444 $172 39% $616 1.6% $451 $174 $625 2037Q4 56.7% $707 $273 $980

06 Adaptive Management $1,332 $515 39% $1,847 1.6% $1,353 $523 $1,876 2037Q4 56.7% $2,120 $819 $2,939

09 CHANNELS & CANALS $1,617 $625 39% $2,242 1.6% $1,642 $635 $2,277 2037Q4 56.7% $2,573 $994 $3,567

11 LEVEES & FLOODWALLS $31,836 $12,302 39% $44,138 1.6% $32,331 $12,493 $44,824 2037Q4 56.7% $50,656 $19,574 $70,230

18 CULTURAL RESOURCE PRESERVATION $530 $205 39% $735 1.6% $538 $208 $746 2037Q4 56.7% $843 $326 $1,169
 $0

__________ __________ _________ __________ _________ _________ __________ ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $46,711 $18,049 39% $64,760 $47,438 $18,330 $65,768 $74,324 $28,719 $103,043

01 LANDS AND DAMAGES $9,300 $0 0% $9,300 1.6% $9,445 $0 $9,445 2025Q4 23.5% $11,668 $0 $11,668

30 PLANNING, ENGINEERING & DESIGN
2.5%     Project Management $1,168 $451 39% $1,619 2.2% $1,193 $461 $1,654 2025Q4 51.8% $1,812 $700 $2,512

1.0%     Planning & Environmental Compliance $467 $180 39% $647 2.2% $477 $184 $661 2025Q4 51.8% $724 $280 $1,004
15.0%     Engineering & Design $7,007 $2,708 39% $9,715 2.2% $7,158 $2,766 $9,924 2025Q4 51.8% $10,869 $4,200 $15,069
1.0%     Reviews, ATRs, IEPRs, VE $467 $180 39% $647 2.2% $477 $184 $661 2025Q4 51.8% $724 $280 $1,004
0.0%     Life Cycle Updates (cost, schedule, risks) $0 $0 39% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
1.0%     Contracting & Reprographics $467 $180 39% $647 2.2% $477 $184 $661 2025Q4 51.8% $724 $280 $1,004
3.0%     Engineering During Construction $1,401 $541 39% $1,942 2.2% $1,431 $553 $1,984 2037Q4 165.3% $3,798 $1,467 $5,265

2.0%     Planning During Construction $934 $361 39% $1,295 2.2% $954 $369 $1,323 2037Q4 165.3% $2,532 $978 $3,510
1.0%     Project Operations $467 $180 39% $647 2.2% $477 $184 $661 2025Q4 51.8% $724 $280 $1,004

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $4,671 $1,805 39% $6,476 2.2% $4,772 $1,844 $6,616 2037Q4 165.3% $12,662 $4,893 $17,554

2.0%     Project Operation: $934 $361 39% $1,295 2.2% $954 $369 $1,323 2037Q4 165.3% $2,532 $978 $3,510
2.5%     Project Management $1,168 $451 39% $1,619 2.2% $1,193 $461 $1,654 2037Q4 165.3% $3,166 $1,223 $4,390

CONTRACT COST TOTALS: $75,162 $25,449 $100,611 $76,447 $25,890 $102,336 $126,260 $44,279 $170,539

TOTAL PROJECT COST (FULLY FUNDED)

Effective Price Level:

Civil Works Work Breakdown Structure ESTIMATED COST

Estimate Prepared:

PROJECT FIRST COST
(Constant Dollar Basis)



**** TOTAL PROJECT COST SUMMARY **** Printed:9/16/2014 
Page 11 of 12

Filename: PSNERP TPCS Final Feasibility.xlsx
TPCS

**** CONTRACT COST SUMMARY ****

PROJECT: Puget Sound Nearshore Ecosystem Restoration DISTRICT: NWS Seattle District PREPARED: 7/1/2014
LOCATION: Washington State POC:   CHIEF, COST ENGINEERING, John Dudgeon
This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report

 7/1/2014 Program Year (Budget EC): 2015
  10/1/2013 Effective Price Level Date: 1  OCT 14 FULLY FUNDED PROJECT ESTIMATE

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
Spencer Island

02 RELOCATIONS $914 $295 32% $1,209 1.6% $928 $300 $1,228 2019Q1 8.1% $1,003 $324 $1,327

06 FISH & WILDLIFE FACILITIES $1,398 $452 32% $1,850 1.6% $1,420 $459 $1,878 2019Q1 8.1% $1,534 $496 $2,030

06 Monitoring $23 $7 32% $31 1.6% $23 $8 $31 2019Q1 8.1% $25 $8 $34

06 Adaptive Management $69 $22 32% $92 1.6% $70 $23 $93 2019Q1 8.1% $76 $25 $101

18 CULTURAL RESOURCE PRESERVATION $155 $50 32% $204 1.6% $157 $51 $208 2019Q1 8.1% $170 $55 $224
 

__________ __________ _________ __________ _________ _________ __________ ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $2,558 $827 32% $3,385 $2,598 $840 $3,438 $2,808 $908 $3,715

01 LANDS AND DAMAGES $800 $0 0% $800 1.6% $812 $0 $812 2016Q4 3.3% $840 $0 $840

30 PLANNING, ENGINEERING & DESIGN
7.8%     Project Management $200 $65 32% $265 2.2% $204 $66 $270 2016Q4 6.4% $217 $70 $288

1.5%     Planning & Environmental Compliance $38 $12 32% $50 2.2% $39 $12 $51 2016Q4 6.4% $41 $13 $54
29.3%     Engineering & Design $750 $242 32% $992 2.2% $766 $248 $1,014 2016Q4 6.4% $816 $264 $1,079
1.5%     Reviews, ATRs, IEPRs, VE $38 $12 32% $50 2.2% $39 $12 $51 2016Q4 6.4% $41 $13 $54
0.0%     Life Cycle Updates (cost, schedule, risks) $0 $0 32% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
1.5%     Contracting & Reprographics $38 $12 32% $50 2.2% $39 $12 $51 2016Q4 6.4% $41 $13 $54
4.4%     Engineering During Construction $113 $37 32% $150 2.2% $116 $37 $153 2019Q1 16.0% $134 $43 $178

3.0%     Planning During Construction $75 $24 32% $100 2.2% $77 $25 $102 2019Q1 16.0% $89 $29 $118
1.5%     Project Operations $38 $12 32% $50 2.2% $39 $12 $51 2016Q4 6.4% $41 $13 $54

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $256 $83 32% $339 2.2% $262 $85 $346 2019Q1 16.0% $303 $98 $402

2.0%     Project Operation: $51 $16 32% $67 2.2% $52 $17 $69 2019Q1 16.0% $60 $20 $80
2.5%     Project Management $64 $21 32% $85 2.2% $65 $21 $87 2019Q1 16.0% $76 $25 $100

CONTRACT COST TOTALS: $5,019 $1,364 $6,383 $5,107 $1,388 $6,495 $5,508 $1,509 $7,017

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis) TOTAL PROJECT COST (FULLY FUNDED)

Estimate Prepared:
Effective Price Level:



**** TOTAL PROJECT COST SUMMARY **** Printed:9/16/2014 
Page 12 of 12

Filename: PSNERP TPCS Final Feasibility.xlsx
TPCS

**** CONTRACT COST SUMMARY ****

PROJECT: Puget Sound Nearshore Ecosystem Restoration DISTRICT: NWS Seattle District PREPARED: 7/1/2014
LOCATION: Washington State POC:   CHIEF, COST ENGINEERING, John Dudgeon
This Estimate reflects the scope and schedule in report; PSNERP Feasibility Report

 7/1/2014 Program Year (Budget EC): 2015
  10/1/2013 Effective Price Level Date: 1  OCT 14 FULLY FUNDED PROJECT ESTIMATE

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
Telegraph Slough

02 RELOCATIONS $115,097 $26,967 23% $142,064 1.6% $116,886 $27,386 $144,272 2037Q1 54.3% $180,409 $42,270 $222,679

06 FISH & WILDLIFE FACILITIES $15,876 $3,720 23% $19,596 1.6% $16,123 $3,778 $19,901 2037Q1 54.3% $24,885 $5,831 $30,716

06 Monitoring $1,488 $349 23% $1,836 1.6% $1,511 $354 $1,865 2037Q1 54.3% $2,332 $546 $2,878

06 Adaptive Management $4,463 $1,046 23% $5,509 1.6% $4,533 $1,062 $5,595 2037Q1 54.3% $6,996 $1,639 $8,635

09 CHANNELS & CANALS $960 $225 23% $1,185 1.6% $975 $228 $1,203 2037Q1 54.3% $1,505 $353 $1,857

11 LEVEES & FLOODWALLS $10,767 $2,523 23% $13,290 1.6% $10,935 $2,562 $13,497 2037Q1 54.3% $16,877 $3,954 $20,832

15 FLOODWAY CONTROL & DIVERSION STRU $6,071 $1,423 23% $7,494 1.6% $6,166 $1,445 $7,610 2037Q1 54.3% $9,516 $2,230 $11,746

18 CULTURAL RESOURCE PRESERVATION $2,081 $488 23% $2,569 1.6% $2,114 $495 $2,609 2037Q1 54.3% $3,263 $764 $4,027
 $0

__________ __________ _________ __________ _________ _________ __________ ___________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $156,804 $36,739 23% $193,543 $159,241 $37,310 $196,551 $245,783 $57,587 $303,370

01 LANDS AND DAMAGES $19,800 $0 0% $19,800 1.6% $20,108 $0 $20,108 2024Q4 21.1% $24,354 $0 $24,354

30 PLANNING, ENGINEERING & DESIGN
2.5%     Project Management $3,920 $918 23% $4,838 2.2% $4,005 $938 $4,943 2024Q4 45.7% $5,833 $1,367 $7,200

1.0%     Planning & Environmental Compliance $1,568 $367 23% $1,935 2.2% $1,602 $375 $1,977 2024Q4 45.7% $2,333 $547 $2,880
15.0%     Engineering & Design $23,521 $5,511 23% $29,032 2.2% $24,029 $5,630 $29,659 2024Q4 45.7% $35,002 $8,201 $43,202
1.0%     Reviews, ATRs, IEPRs, VE $1,568 $367 23% $1,935 2.2% $1,602 $375 $1,977 2024Q4 45.7% $2,333 $547 $2,880
0.0%     Life Cycle Updates (cost, schedule, risks) $0 $0 23% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
1.0%     Contracting & Reprographics $1,568 $367 23% $1,935 2.2% $1,602 $375 $1,977 2024Q4 45.7% $2,333 $547 $2,880
3.0%     Engineering During Construction $4,704 $1,102 23% $5,806 2.2% $4,806 $1,126 $5,932 2037Q1 155.7% $12,286 $2,879 $15,164

2.0%     Planning During Construction $3,136 $735 23% $3,871 2.2% $3,204 $751 $3,954 2037Q1 155.7% $8,190 $1,919 $10,109
1.0%     Project Operations $1,568 $367 23% $1,935 2.2% $1,602 $375 $1,977 2024Q4 45.7% $2,333 $547 $2,880

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $15,680 $3,674 23% $19,354 2.2% $16,019 $3,753 $19,772 2037Q1 155.7% $40,952 $9,595 $50,547

2.0%     Project Operation: $3,136 $735 23% $3,871 2.2% $3,204 $751 $3,954 2037Q1 155.7% $8,190 $1,919 $10,109
2.5%     Project Management $3,920 $918 23% $4,838 2.2% $4,005 $938 $4,943 2037Q1 155.7% $10,238 $2,399 $12,637

CONTRACT COST TOTALS: $240,893 $51,802 $292,695 $245,026 $52,698 $297,725 $400,162 $88,052 $488,214

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis) TOTAL PROJECT COST (FULLY FUNDED)

Estimate Prepared:
Effective Price Level:
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Applied Geomorphology Guidelines – Revised Draft Phase 2 Document 

PSNERP Conceptual Design  
December 20 2010 

These  Applied Geomorphology Guidelines will  be used by the ESA team’s conceptual designs. The 

Guidelines will be used as needed in the designs and to aid in quality control review. These guidelines 

may be revised to account for lessons learned during Phase 2 and for subsequent use. 

The guidelines are intended only for conceptual design by the PSNERP team. These guidelines are 

established partly to provide a means of developing uniform designs, for quality control and precision, 

but also to facilitating future refinements. Further research and data collection are required to develop 

guidelines for broader application. 

These guidelines use empirical models calibrated with data collected from field sites. Therefore, these 

guidelines are most useful when the site parameters lie within the range of the calibration data. 

Parameters include tide range, sediment and vegetation, fluvial effects, salinity (which affects plant 

types and geomorphology), and in some cases wave and littoral climate. Comprehensive data sets are 

not presently available for Puget Sound. The guidelines are based on both local data sets and data sets 

from other locations, with some adjustments, primarily for tide range. Therefore, the accuracy of the 

regressions provided here can be considered approximate. Historic data from the site (e.g. channel 

width from a T‐Sheet) or nearby reference data (e.g. Hood’s data for the Skagit, Barnard’s data for 

Discovery Bay marshes) may be used instead of these guidelines.  

The Guidelines are organized as follows: 

1. Tides: Tide design parameters are identified for NOS tide stations selected to represent the varying 

tides in Puget Sound. Tide ranges are tabulated. Tidal datum conversion from Mean Lower Low Water 

(MLLW) to North American Vertical Datum (NAVD88) are provided at each tide station. 

2. Tidal Marsh Channels:  Regression lines and graphs are provided to relate channel geometry (channel 

cross‐sectional area, width and depth) to marsh area and tidal prism. A set of regressions and graphs are 

provided for each tide station identified in (1), based on the tide range. A procedure is provided to 

estimate channel geometry with combined tidal and stream discharge. 

3. Tidally‐Influenced Fluvial Channels:  Guidance for tidally influenced fluvial channels is to use historic 

data, remnant channel geometry and available published data on a site‐specific basis. 

4. Tidal Inlets: A set of graphs are provided for tidal inlets where wave action and littoral drift affect the 

channel geometry and, in particular, limit the tide range.  The graphs allow prediction of the tidal prism 

necessary for an open inlet and the size of the inlet cross section for a given tidal prism. 

5. Beach Geometry: Guidance is provided to estimate the berm elevation of coarse sediment beaches.  



 

 

 

1. Tides: 

The Puget Sound Nearshore Ecosystem Restoration Project (PSNERP) has defined sub basins of Puget 

Sound (Figure 1).  Tide stations have been selected to characterize the tidal regime for each sub basin. 

Since the tides vary along each arm of Puget Sound (for example, the tide is amplified with distance 

south through Hood Canal), several tide stations are indentified for each sub basin, as shown in Figure 1. 

Table 1 lists the tide stations and their tidal datums published by the National Ocean Service (NOS). A 

conversion between tidal datums and the project vertical datum (NAVD88) are provided.  The 

conversions are those published by the NOS or are based on a review of the tidal benchmarks and 

provided by Pacific Surveying and Engineering (PSE) and ESA PWA as part of this project.  The sources of 

the conversion and level of confidence are provided. 

Each action should define the tidal datums and NAVD conversion used and the sources.  
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2036.01 Puget Sound
D.Kunz (PWA)
11/22/2010
Modfied B.Battalio, 12/9/2010

Puget Sound Tide Gages

Station NOS #

Start of 

Record

End of 

Record MLLW MLW MSL MTL MHW MHHW

MLLW to NAVD

Conversion (ft) MLLW MLW MSL MTL MHW MHHW Source of Datum Conversion

Conversion  

Level of 

Confidence*

Cherry Point 9449424 Nov‐71 present 0.00 2.61 5.28 5.47 8.32 9.15 ‐0.96 ‐0.96 1.65 4.32 4.51 7.36 8.19 PSE Verrified 2

Bellingham 9449211 Mar‐73 Jul‐75 0.00 2.35 4.95 5.07 7.79 8.51 ‐0.48 ‐0.48 1.87 4.47 4.59 7.31 8.03 NOS Tidal Datums 4

Friday Harbor 9449880 Jan‐32 present 0.00 2.29 4.55 4.70 7.11 7.76 ‐0.53 ‐0.53 1.76 4.02 4.17 6.58 7.23 PSE, WSDOT data 3

La Conner, Swinomish Slough 9448558 Jun‐35 Feb‐73 0.00 2.70 5.96 5.18 9.43 10.35 ‐1.51 ‐1.51 1.19 4.45 3.67 7.92 8.84 PSE Verrified 4

Crescent Bay 9443826 Sep‐78 Nov‐78 0.00 2.16 4.22 4.32 6.47 7.06 ‐0.42 ‐0.42 1.74 3.80 3.90 6.05 6.64 PSE Verrified 4

Port Angeles, WA 9444090 Aug‐75 present 0.00 1.93 4.25 4.23 6.52 7.07 ‐0.43 ‐0.43 1.50 3.82 3.80 6.09 6.64 NOS Tidal Datums 4

Port Townsend 9444900 Dec‐71 present 0.00 2.50 4.99 5.17 7.84 8.52 ‐1.11 ‐1.11 1.39 3.88 4.06 6.73 7.41 PSE Verrified 3

Everett, WA 9447659 Dec‐76 Feb‐96 0.00 2.80 6.48 6.51 10.21 11.09 ‐2.30 ‐2.30 0.50 4.18 4.21 7.91 8.79 NOS Tidal Datums 4

Seabeck, Hood Canal 9445296 Mar‐35 Mar‐78 0.00 2.99 6.75 6.76 10.54 11.49 ‐2.62 ‐2.62 0.37 4.13 4.14 7.92 8.87 PSE, VDATUM ONLY!! 1

Seattle, Puget Sound 9447130 Jan ‐ 1899 Sep‐88 0.00 2.83 6.64 6.66 10.49 11.36 ‐2.34 ‐2.34 0.49 4.30 4.32 8.15 9.02 NOS Tidal Datums 4

Union, Hood Canal 9445478 Mar‐73 Mar‐78 0.00 3.01 6.96 6.94 10.87 11.85 ‐2.84 ‐2.84 0.17 4.12 4.10 8.03 9.01 NOS Tidal Datums 4

Yoman Point, Anderson Island 9446705 Feb‐78 Nov‐96 0.00 2.94 7.71 7.75 12.55 13.48 ‐3.78 ‐3.78 ‐0.84 3.93 3.97 8.77 9.70 PSE, VDATUM ONLY!! 1

Barron Point 9446742 Sep‐88 Mar‐89 0.00 3.02 8.29 8.28 13.55 11.52 ‐4.08 ‐4.08 ‐1.06 4.21 4.20 9.47 7.44 PSE, VDATUM ONLY!! 1

Budd Inlet 9446807 Apr‐96 Dec‐96 0.00 3.07 8.31 8.30 13.53 14.48 ‐4.05 ‐4.05 ‐0.98 4.26 4.25 9.48 10.43 PSE, VDATUM ONLY!! 1

* Level of Confidence: 4 highest, 1 lowest. "\\Mars\Projects\2036.01_PSNERP_Phase_1_Conceptual_Engineering\Applied Geomorphology Guidelines\NAVD MLLW Conversions\PSE Survey PSNERP_DATUM_CONVERSIONS 113010.pdf"

ft MLLW ft NAVD

J:\2036.01_PSNERP_Phase_1_Conceptual_Engineering\Applied Geomorphology Guidelines\NAVD MLLW Conversions\2036_PSNERP_TidalDatums v2 103010.xlsJ:\2036.01_PSNERP_Phase_1_Conceptual_Engineering\Applied Geomorphology Guidelines\NAVD MLLW Conversions\2036_PSNERP_TidalDatums v2 103010.xls

b.battalio
Typewritten Text
Table 1: Tides Stations, tidal datums and NAVD conversions.



 

 

 

2. Tidal Salt Marsh Channels (Channel Modification, Dike Removal, Hydraulic 

Connection) 

 

Tidal marsh channels are often sized based on applied geomorphology, typically using hydraulic 

geometry or allometry (Williams et al, 2002; Hood, 2002). Unfortunately, existing data sets are not 

adequate to develop guidelines for Puget Sound, and research indicates large variation between systems 

and locations (Hood, 2007; 2002). Still, some basis is needed to size channels in the conceptual designs 

as these are key drivers of quantity and cost estimates. Therefore, the guidelines presented here can be 

considered more of an engineering method and not vetted from a scientific perspective. 

Hydraulic geometry has been used primarily in the study of fluvial and tidal systems, where channel 

parameters such as stream width or depth are regressed with area of the watershed (used as a 

surrogate for tidal prism and discharge). The form of the equation is typically a power function:  

Y = a*xn, 

Where x is a independent variable (eg marsh area or watershed area),Y is the dependent variable (tidal 

channel width or stream depth), a and n are empirically derived coefficients determined from a 

regression of the log‐transformed independent and dependent variables. 

The hydraulic geometry of tidal channel parameters has been investigated in Washington at the Chehalis 

estuary by Hood (2002) and at the Skagit delta by Hood (2007). In the Chehalis work, log‐transformed 

slough outlet width and outlet depth are shown to scale tightly (r2 >0.95 for both) with outlet length for 

the Chehalis river sloughs. However, when three other nearby systems are analyzed in a similar fashion, 

there are significant differences (95% confidence level) in the regression estimates for nearly all of the 

systems analyzed. Hood (2002) indicates that these differences are likely a result of watershed 

processes, such as run off or soils, and that these differences must be integrated into the development 

of a restoration project. Furthermore, two of the systems investigated (Willapa River and South Fork 

Willapa River sloughs) undergo the same tidal regime, but have somewhat differing hydraulic geometry 

scaling relations. 

Similar scaling regressions were performed in the Skagit delta, but in this work, outlet channel depth 

was not included in the analyses (Hood, 2007). As above, there are significant differences in the scaling 

relationships between channel outlet width and marsh island area for similar, nearby locations. In the 

Skagit delta area, these differences are likely driven by sedimentation and discharge from the Skagit 

river (Hood, 2007). 

Approximate Hydraulic Geometry for Puget Sound, Extrapolating  San Francisco Bay Regressions 

The most expeditious means of developing guidelines for sizing tidal marsh channels is to modify the 

guidelines for San Francisco Bay (Williams et al, 2002; PWA, 1995).  San Francisco Bay data sets are large 



 

 

and have been used successfully in design of marshes from a few acres to thousands of acres. While 

Puget Sound marshes should have different geometry due to different sediments, salinities and plants 

and greater rainfall effects, the primary difference is believed to be driven by the larger tide ranges.  

These regressions are intended to represent future equilibrium conditions. In most cases, these 

dimensions are recommended for construction, with modification for constructability and slope stability 

if important.  Overall, channels can be expected to evolve along with the marsh and take decades to 

reach an equilibrium condition, largely depending on sediment supply and vegetation establishment.  

To account for the larger tide range in the Puget Sound area (diurnal range 7’ to 16’ with an average of 

about 10.5’), we adjusted the regression lines for San Francisco Bay data. First, we compared the large 

San Francisco bay data set (typical diurnal tide range about 5.8ft) with the subset from southern San 

Francisco Bay where the tides are much larger (range about 8.8ft). We then calculated the change in 

regression lines between the two data sets, and related the differences to percent increase in tide 

range. We then prorated this increase based on the tide ranges in Puget Sound.   

Figures 2, 3 and 4 show data from San Francisco Bay (Williams et al, 2002) and Discovery Bay (Barnard, 

project worksheets, 2010), and regression lines by Hood (2002) and PWA (2003).  The recommended 

regressions are those in red. These are example regressions for one tide station.  

The above methodology was applied to 14 tide ranges defined at tide gauges distributed throughout the 

study area. This resulted in adjusted regression lines for each of the tide stations that are listed in 

section 1.  Fourteen graphs (one for each tide station) are provided in the Appendix. Each graph includes 

three lines: 

 Channel Cross section area (feet squared) vs. Marsh Area (acres); 

 Channel Width (feet) vs. Marsh Area (acres); and, 

 Channel Depth (feet) vs. Marsh Area (acres). 

 

Upsizing to include stream discharge effects and additional tidal prism 

The above discussion is based on tidal prism being the primary channel forming parameter, and uses 

marsh area as surrogate for tidal prism. Many Puget Sound marshes have significant freshwater inputs 

which add to the scouring power during ebb tides and therefore can be expected to increase the size of 

larger channels. To calculate the hydraulic geometry of a channel that incorporates fluvial discharge, the 

following methods are proposed. First, calculate the volume of water associated with fluvial discharge 

over the ebb period. Second, calculate the channel cross‐sectional area from the marsh area. Third, 

using the Williams et al (2002) graph of tidal prism versus cross‐sectional area:  

a) locate the initial estimated cross‐sectional area,  

b) estimate the associated tidal prism,  
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c) add the fluvial volume to the tidal prism to get the increased effective tidal prism c, 

d) and e) locate the corresponding adjusted cross‐sectional area. 

 

 

Figure 5: Tidal Prism vs. cross‐section area (Williams et al, 2002); with example for adding minor 
drainage to increase effective tidal prism 

 

The adjusted cross‐sectional area can be accomplished by increasing the channel width, and assuming 

the depth does not increase. 

 

The fluvial flow rate used in the calculation  is  selected  by the designer. For summer conditions, this 

would be base flow.  Otherwise, the estimated channel‐forming flow, perhaps in the range of annual to 

5 –year recurrence, can be used. 

This procedure for increasing channel section for stream discharge can also be used to estimate the size 

of larger channels to convey the initial (post restoration) tidal prism of subsided sites.  Typically, the 

future equilibrium tidal prism and channel dimensions are adequate and practical for restoration. 

However, the additional tidal prism for subsided sites can be estimated approximately as the site area 

times the difference between site grade and the MHHW elevation. This additional tidal prism can be 

added to get the expanded tidal prism “c”, and the expanded channel dimensions estimated. 

It should be noted that these are  approximate dimensions intended to accommodate site evolution 

toward equilibrium, rather  than equilibrium geometries. 

Channel Order and Drainage Area 

Channel order is a means of comparing the number of channels of different size within and between 

drainage networks. The hierarchy of channel segments starts with the smallest channels and increases in 

order when two channels of the same order connect. For example, when two first order channels join, 

the downstream segment is classed as second order. When two second order channels join, the 

a 

b c
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downstream segment becomes third order. A first order channel joining a third order channel does not 

change the order of the downstream segment. The system is defined by the highest order of channel; 

for instance a tidal drainage network may be described as ‘third order’. 

Horton (1945) found that channel order is related to a number of metrics describing the channel 

network: 

 number of channel segments; 

 segment length; 

 drainage area. 

 

Generally these relations are semi‐logarithmic as seen Figure 6 that plots drainage area with channel 

order for marshes in Snow Creek and Salmon Creek (Barnard, pers comm.). 

 

 

Figure 6: Regression of tidal channel order and marsh drainage area. Source: Salmon Creek data 
and analysis by Bob Barnard, WDFW. 

 

General guidance can be provided from observations of natural channel systems of similar area; use 

should be made of local reference sites where possible. The following guidance is based upon marsh 

channel data and experience in constructing marsh channels: 

a) Use the historical channel patterns, if it exists; 

b) For drainage areas of 10 to 50 acres, a third or fourth order channel system should be adequate; 

c) Second, third and fourth order channels should be excavated to equilibrium depth; 



 

 

d) First order channels may not be practical to cut, especially if the site is subsided and expected to 

accrete sediment; 

e) If the site is being graded, the marsh slope should be graded down below MHHW and sloped 

towards the channels to allow drainage and encourage channel network development. 



 

 

3. Intertidal ‐ Fluvial (channel modification, dike removal) 

Given the paucity of data available, design guidelines for tidally‐influenced fluvial channels is not 

practical within the time and budget constraints of this project. Hence, we recommend use of historic 

maps of the site, dimensions of remnant channels, and measurements at nearby reference sites if 

available.  



 

 

4. Tidal Inlet (coarse sediment) (Channel Modification, Dike Removal, 

Hydraulic Connection) 

 

Hydraulic geometry relationships between tidal prism and the cross‐sectional area of the inlet channel 

are perhaps the most common criteria applied to predict the stability of tidal inlets (Battalio, et al, 

2006).  These are empirical relationships based on surveys of stable inlets and take the form:  

Ae = C n 

where Ae is the minimum cross‐sectional area,  is the tidal prism, and C and n are empirically derived 

parameters.  Jarrett (1976) examined earlier work by O’Brien (1931) for Pacific Coast inlets, and 

established relationships for sites along the Gulf, Pacific and Atlantic coasts.  His results were further 

divided among inlets with and without jetties.  Although the expressions established by Jarrett are 

considered the best available predictors for equilibrium cross‐sectional areas, small inlets (small inlets 

can be defined as those with thalwegs near or above MLLW) tend to exhibit equilibrium area much 

larger than predicted by these tidal prism relationships (Hughes, 2002).  

The cross‐sectional area of the inlet channel, Ae, is related to the effective tidal prism by: 

 

Ae = 0.65ka (CIP)8/9 

where 

  T)1S(
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W is the inlet width at mean tide level (meters), T is the tidal period (typically use semi‐diurnal 12.4   

hours, which is 44,640 seconds), de is the median grain size (in meters), g gravitational acceleration (9.81 

m/sec2), ka is an empirical coefficient (with a best‐fit value of 1.34), and P is the effective tidal prism 

(cubic meters).  Ss is the specific gravity of the sediment  ( rs/rw)which is often taken to be around 2.6 

for quartz and other rock.  

The highest point in the channel thalweg typically occurs as the channel crosses the flood shoal and 

controls the low water elevation in the marsh.  Relatively large wave events can induce a control at the 

receiving water side (eg. the ebb shoal or spit in Puget Sound) as well. Due to the complexities of ebb 

and flood shoal geometries and the difficulty in field data collection, the narrowest, deepest section of 

the inlets (aka “throat”) are typically used as the reference section. Figure 7 shows the general 

relationships measured at the Crissy Field Lagoon “throat” in San Francisco Bay.  The key parameter is 

the lagoon low water, which controls the effective tidal prism of the lagoon. The lagoon low water is 



 

 

variable, as it results from the sill elevation formed bay wave transport of littoral sediments against the 

scour of ebb tides. Inlet morphology also has an effect, which is greatly influenced by littoral drift 

parameters including structural controls such as reefs and jetties.   

 
Figure 7.  Effective tide range and inlet cross‐section. 

 

Considerable scatter in the data suggest that not all of the relevant processes are included in these 

simple relationships. Therefore, they should only be used as a first approximation and interpreted as 

representative of long‐term average conditions.  Significant variations in inlet cross‐section can occur 

over the spring‐neap tide cycle, during storms when wave attack is more intense, or following large 

flood events (DeTemple, 1999).  This is especially true for small dynamic systems. A process‐based tidal 

prism relationship developed by Hughes (2002) shows better agreement between small and large tidal 

inlets, and more promise for application to Puget Sound lagoons (Figure 8). 



 

 

 
Figure 8.  Hughes (2002) tidal prism and inlet cross-section relationship. 

 

It should be noted that the sediments in Puget Sound are typically much coarser than those used to 

develop these empirical relationships. Coarser sediments tend to have greater porosity and hence can 

allow greater discharge through the berm, indicating smaller inlets may be likely. Coarser sediments also 

tend to form higher, steeper beach berms under wave action, which tend to resist deep thalwegs and 

hence shallower inlets can be expected.  Finally, coarse sediments do not move as quickly for a given 

wave climate, and hence Puget Sound inlets will likely be more stable. In summary, we expect Puget 

Sound inlets to be shallower and more stable, with greater outflow through the littoral barrier. 

Applications of the O’Brien and Johnson methods can be improved with accurate estimates of wave and 

tidal power. Figure 9 shows the corrected data in the form previously reported by Williams & Cuffe 

(1994) for California lagoons. We believe the version shown below can be used generally with 

contemporary wave power values (prior published versions had wave power values about 200 times too 

high (PWA, 1999)).  



 

 

 
Figure 9.  Power-based index of inlet closure potential with corrected annualized wave power. “M”=Mean 
tidal prism and “D”= diurnal tidal prism. 

 

Ideally wave power would be calculated from the wave climate. Since much of the Sound is relatively 

deep with short fetches, relatively short wave periods can be expected. Exceptions are the Straits of and 

Juan De Fuca and Georgia where swell  (Juan De Fuca)and large wind waves can occur (Strait of Georgia, 

Coulton  et al, 2001): For these locations, more detailed calculations are recommended.  For the Strait of 

Juan De Fuca, wave data are available. In most sites, wind wave hindcast using fetch limited parametric 

equations and wind climate is sufficient to define the deepwater wave climate. Simplified wave 

refraction using Snell’s law and diffraction using the methods of Goda (1985) are adequate.  These data 

exist for some sub basins but otherwise may be beyond the scope of the PSNERP conceptual designs.  

 Wave power can then be used to estimate the minimum tidal prism needed to maintain an open inlet, 

using Figure 9. Note that Figure 9 is based on the potential tidal prism, which is typically the lagoon size 

multiplied by the potential tide range. Dividing by the tide range can then give an estimate of minimum 

lagoon size required for an open inlet. However, the actual tidal prism, often called the effective tidal 

prism, will be reduced by the littoral ridge built by waves.  The effective tidal prism and tide range are 

“implicit” within inlet equations and can be the most challenging parameters  to estimate. For open 

lagoons, a first estimate can be made by multiplying the lagoon area times the depth below MHHW 

(assuming the site bed is above MLLW). Note that the littoral sill often prevents full drainage, so using 

the existing grade as an estimate of the low tide may lead to an over‐estimate of effective tidal prism 

and inlet area. For marshes, a first approximation can be based on the methods in Section 2 of this 

document. Also, like marshes, fluvial discharge tributary to the site can increase inlet size above that 



 

 

based on tidal prism alone.  Once the effective tidal prism is estimated, it will be used to estimate the 

required inlet cross section geometry using Figure 8 and selected aspect ratios (width to depth).  

The best available relationship for small tidal inlets in littoral systems is Hughes (2002; Figure 8).  A 

review of this equation indicates that it is very sensitive to grain size, with larger grain sizes resulting in 

smaller predicted inlet cross sections. We recommend using a default of 1 mm which will help keep the 

equation within the range of data sources and bias the area calculation to the high side: In general, over‐

excavation of the inlet results in less risk of subsequent closure.  Further research is needed to inform 

use for coarse sediment shores.  

 It should be noted that over‐excavation will induce a perturbation that can reduce sediment supply to 

adjacent shores. Excavated sediment compatible with the littoral sediment should be placed down drift 

to mitigate the subsequent interruption of longshore transport during inlet evolution.  For new inlets, 

placement of littoral sediments should be considered to  mitigate the sediment deficit induced by flood 

and ebb shoal formation.  The effect can extend updrift as well  but to a lesser extent. 

Once area is calculated, width and depth are selected. Ideally, an estimate of one of these parameters 

will be available. For example, the inlet width from an historic map can be used, and then the depth can 

calculated based on an assumed shape (see below).   

The equation for a channel with a parabolic shape is as follows: 

W=1.5A/d 

Where W = width, A = area and d = depth.  

Deepening  of an existing inlet due to increased tidal prism can be estimated by prorating the existing 

depth  using the square root of the estimated increase in cross‐sectional area. Assuming that the width‐

to‐depth ratio of the inlet throat remains the same, changes in depth of the throat can be estimated 

from: 

old e

new e
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new

A
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where d is the maximum depth at the throat, measured below MTLlagoon,, and Ae is the area defined 

above for the Hughes (2002) relationship.   

The depth of the inlet channel below Mean Tide Level (MTL ) has been approximated using the 

relationship between depth and inlet area devised by Vincent and Corson (1981): 

Dm = 0.5579(Ac)0.38 
 

where Dm is the depth at the throat of the inlet below MTL (ft) and Ac is the inlet below MTL (ft2). This 

relationship was developed from data in Chesapeake Bay (Virginia, USA) which has a much smaller tide 

range, a semi‐diurnal tide, and much finer sediment. Hence, this relationship should be used as an 

indicator to inform design judgment.  For smaller systems, this equation may under‐predict the depth 



 

 

due to its derivation with data from areas with smaller tide ranges.  If this equation is used and predicts 

depths significantly above MLLW, over‐excavation is recommended. 

 
Reference site data can be used instead of or in addition to the methods proposed here.  
 

 



 

 

5. Beach (coarse sediment) (bulkhead removal, groin removal) 

The morphology of coarse sediment beaches includes a steep foreshore (swash zone) leading up to a flat 

terrace or berm (Bauer, 1974; Lorang, 2002 ). The profile morphology and terms are shown by the 

example in Figure 9 (Birch Bay, Whatcom County, Bauer, 1975).  The swash zone slope is affected by 

sediment size and wave climate. For most Puget Sound locations, the swash zone has a typical slope 

around 7:1 with a range between  5:1 and 10:1 (horizontal: vertical).  Steeper slopes can be expected for 

coarser and more uniform sized sediments, and higher wave exposure. The berm elevation is typically 

considered the result of wave runup that builds the berm to a level just below the annual maximum 

total water level (total water level is defined as the Puget Sound water level plus wave runup).  

Figure 10 shows a conceptual profile of coarse beach dynamics (Bauer, 1975). Note that Figure 10 shows 

a berm configured to provide protection to  inland development and includes extra volume as a “storm 

buffer,”  with the berm crest elevation about 6.5’ above MHHW.  Given PSNERP’s focus on restoration, 

berm heights should typically not  be over‐built for protective purposes.  Figures 11 and 12 provide an 

example of a reference site in Whatcom County  (PWA, 2002).  The berm crest is around 11.3’ to 12.8’ 

NAVD (converted from NGVD by adding 3.8’), and about 4 feet above MHHW. Note the wood above the 

berm indicating that the total water level exceeds the berm crest in natural conditions.  Therefore, we 

recommend under‐building the berm slightly to allow shaping by wave action.  Slight under‐building 

avoids the potential adverse effects of unnatural morphology and while limiting sediment demand to fill 

the “void” resulting removal of fill or armoring. 

 

Figure 10.  Description of  coarse sediment beach profile morphology, for a protective berm (Bauer, 1975). 

 



 

 

              

Figures 11 and 12. Semi-Ah-Moo Beach. Photograph of beach swash zone and berm (left); Elevation 

cross sections of swash zone slope and berm (right). Source, PWA, 1975. 

 

For PSNERP conceptual designs, the geometry of nearby reference sites can be used to develop the 

restored profile and estimate quantities. Alternatively, some basic parameters should be sufficient. A 

slope of around 5:1 to 10:1 with a typical of 7:1 is recommended. This should be checked and adjusted 

based on consideration of local geometry, reference sites, size of sediment and wave exposure. The 

berm elevation can be estimated as the height of the annual wave runup (R) on the profile using the 

following equation:  

        R2%   = Static Setup   + Runup 

          = 0.2 H0   + 0.6r (m/(H0/L0)1/2)H0  

The above equation is based on the surf similarity parameter / Iriabarren number; m is the beach slope, 

r is an empirical coefficient, H0 is the significant deep water wave height and L0 is the deep water wave 

length . The wave values used should be on the order of an annual to 5 year return period.  (Note that 

the term “2%” for the runup does not refer to annual frequency, but rather the exceedance within an 

event, e.g. the significant exceedance is typically considered 33% and the rms 50%). 

It is recommended that a composite slope of about 10:1 (m=0.1) is used to account for larger waves 

breaking offshore of the swash formed foreshore.  Also, the result should be adjusted downward to 

account for the permeability of the coarse sediment and a factor of about r=0.8 is recommended. 

Wave runup on natural beaches does not typically exceed about three times the wave height. For 

steeper waves on porous (gravel, cobble) sediments, the runup is reduced and a maximum of about two 

times the wave height can be expected.  We therefore recommend that a reasonable range for  runup in 

sheltered waters (not exposed to ocean swell)  is between 0.5 and 2 times the wave height, and on 

coarse sediment shores (gravels and cobble) will not  typically exceed 1 times the wave height. 



 

 

Since the berm is formed by the total water level with an approximate annual exceedance, the more 

extreme wave runup value (1 to 5 year recurrence) should be added to a typical high tide, on the order 

of MHHW or MHHW with a surge / setup added: A setup due to meteorological effects can be on the 

order of 1 foot. Alternatively, an annual high water level can be combined with a smaller, nominal wave 

height likely to occur simultaneously with the high tide.  

For cases where much  larger waves break far offshore of the berm, wave setup for the larger offshore 

waves should be added. A static wave set up can be approximately estimated as 0.2 times incident wave 

height (FEMA, 2005). The groupiness and randomness of the waves also results in longer‐period 

dynamics often called dynamic setup.  Accounting for dynamic setup and combining with static setup 

and runup can be complex. However, for the conditions associated with PSNERP it is recommended that 

a total  wave setup of about 0.3 times the deepwater wave height is a reasonable estimate of total setup 

due to larger waves breaking offshore. 

We recommend a minimum beach berm elevation of 1.5 ft above MHHW.  
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Appendix A: NAVD Conversions from Pacific Survey and Engineering, 2010 



1

Bob Battalio

From: Adam Morrow [AMorrow@psesurvey.com]
Sent: Tuesday, November 30, 2010 9:35 AM
To: Margaret Clancy
Cc: Bob Battalio
Subject: PSNERP Datum Conversions
Attachments: PSNERP_DATUM_CONVERSIONS.pdf

Margaret, 
  
In an effort to wrap up our work on this project to date and provide you with an item that had been discussed in some 
detail over the past few months, we have attached a spreadsheet that details our Tidal-NAVD 88 vertical datum 
conversions that can be used for pre-selected sites. The spreadsheet includes conversions for areas that were noted as 
not available in Bob Battalio's previously emailed spreadsheet.  
  
With a few exceptions, we were able to find consistent datum conversions for tidal regions throughout Puget Sound. 
Where we could not, we listed the applicable VDATUM conversion related to the reference tidal gauge. For your use, 
we also included a column that indicates our level of confidence for each conversion, based on the availability of 
published benchmark information and/or conflicts between published data and VDATUM results. 
  
We hope that this proves useful for the design team in the continued efforts to provide 10% design documents for the 
project. We are ready and willing to respond to questions about this information as needed to help you complete your 
Phase 2 work. 
  
I look forward to hearing from you in the near future about opportunities to continue to provide services on this 
project. From our research work to date, I suspect that we now have a good database of information from which we 
can provide cost estimates for necessary survey and base mapping work at each site if that is deemed necessary. 
  
Thanks. 
  
-Adam 

Adam Morrow, PLS  
Pacific Surveying and Engineering  
1812 Cornwall Avenue  
Bellingham, WA  98225  
(360) 671-7387  
(360) 671-4685 (fax)  



2010107 PSNERP.xls 

-
NOAA TIDAL POINTS Station Lat. Station Long. SEPARATION I SEPARATION TIDAL -

REGION IN COMMON I EPOCH NAVD-TIDAL* VDATUM** 
I (NGS) US FEET RESULT 

'--

Cherry Point 9449424 1 48 51 .8 N 122 45.5 w 0.96 0.96 83-01 
Friday Harbor 9449880 I 3 (WSDOT) 48 32.8 N 123 0.6 w 0.53 0.38 83-01 
LaConner, SS 9448558 I 1 48 23.5 N 122 29.8 w 1.51 1.51 83-01 
Crescent Bay 9443826 f 1 48 9.7 N 123 43.5 w 0.42 0.42 83-01 
Pt Townsend 9444900 I 2 48 6.7' N 122 45.5' w 1.11 1.12 83-01 
Seabeck, HC 9445296 0 47 38.5' N 122 49.7' w 2.62 83-01 
Yoman Pt, AI 9446705 0 47 10.8' N 122 40.5' w 3.78 83-01 

Barron Pt 9446742 0 47 9.4' N 123 0.5' w 4.08 83-01 
Budd Inlet 9446807 0 I 47 5.9' N 122 53.7' w 4.05 83-01 --

I 
i I ! 

• Conversions determined from published elevations on benchmarks in common between NOAA, WSDOT and NGS. 

** Conversions determined using VDATUM, a software tool developed jointly by NOAA's NGS, OCS and CO-OPS. 

*** Level of confidence in conversion values based on #of sources found and agreement between sources. 4=highest, 1 =lowest. 

--
HOW TO APPLY CONVERSION: 
Throughout the region, the 0 elevation plane of NAVD88 is above the 0 elevation plane of the various tidal datums. As a result, the 
NAVD88 elevation at any given point should reflect a smaller value than the local tidal datum elevation at the same point. To convert 
from tidal to NAVD88, subtract the separation value noted above in any given region. To convert from NAVD88 to local tidal datum, 
add the separation value. See sketch below: 

i l I 
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Appendix B: Graphs of Tidal  Wetland Channel Dimensions vs. Marsh Area 
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For 10% PSNERP design use only.

Source: Williams et al. (2002). Regression equations adjusted based on percent increase in diurnal 
tide range relative to San Francisco Bay. Hydraulic Geometry for Bellingham
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Tide Gage Station: Friday Harbor # 9449880
For 10% PSNERP design use only.

Source: Williams et al. (2002). Regression equations adjusted based on percent increase in diurnal 
tide range relative to San Francisco Bay. Hydraulic Geometry for Friday Harbor
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Tide Gage Station: La Conner, Swinomish Slough # 9448558
For 10% PSNERP design use only.

Source: Williams et al. (2002). Regression equations adjusted based on percent increase in diurnal 
tide range relative to San Francisco Bay. Hydraulic Geometry for La Conner, Swinomish Slough
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Tide Gage Station: Crescent Bay # 9443826
For 10% PSNERP design use only.

Source: Williams et al. (2002). Regression equations adjusted based on percent increase in diurnal 
tide range relative to San Francisco Bay. Hydraulic Geometry for Crescent Bay
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Tide Gage Station: Port Angeles, WA # 9444090
For 10% PSNERP design use only.

Source: Williams et al. (2002). Regression equations adjusted based on percent increase in diurnal 
tide range relative to San Francisco Bay. Hydraulic Geometry for Port Angeles, WA
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Tide Gage Station: Port Townsend # 9444900
For 10% PSNERP design use only.

Source: Williams et al. (2002). Regression equations adjusted based on percent increase in diurnal 
tide range relative to San Francisco Bay. Hydraulic Geometry for Port Townsend
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Tide Gage Station: Everett, WA # 9447659
For 10% PSNERP design use only.

Source: Williams et al. (2002). Regression equations adjusted based on percent increase in diurnal 
tide range relative to San Francisco Bay. Hydraulic Geometry for Everett, WA
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Tide Gage Station: Seabeck, Hood Canal # 9445296
For 10% PSNERP design use only.

Source: Williams et al. (2002). Regression equations adjusted based on percent increase in diurnal 
tide range relative to San Francisco Bay. Hydraulic Geometry for Seabeck, Hood Canal
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Tide Gage Station: Seattle, Puget Sound # 9447130
For 10% PSNERP design use only.

Source: Williams et al. (2002). Regression equations adjusted based on percent increase in diurnal 
tide range relative to San Francisco Bay. Hydraulic Geometry for Seattle, Puget Sound
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Tide Gage Station: Union, Hood Canal # 9445478
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memorandum 

date December 22, 2010 
 
to Bob Barnard, Curtis Tanner, PSNERP 

Conceptual Design Team 
 
from Phil Williams and Jeremy Lowe 
 
subject PSNERP - Hierarchy of Benefits 
 

1. INTRODUCTION 
 
The purpose of this memo is to describe a hierarchy of benefits that will likely accrue to the natural processes, 
structure, and function of an ecosystem for variously located and sized openings in crossings of tidal and tidally 
influenced fluvial channels. We describe benefits in terms of ecosystem process, structure and function. By 
understanding what these benefits are, and how they impact the nearshore system crossings can be designed to 
provide maximum benefits more efficiently. 
 
There is a dearth of information regarding the ecological impacts of constructing bridges or culverts across tidally 
influenced areas in the scientific literature. While hydrological and hydraulic impacts, such as amount and extent 
of anticipated scouring and longshore transport of sediment, are carefully considered during crossing design, 
impacts to overall geomorphology and ecological function are not. This may be because many decisions 
establishing culvert or bridge crossing design practice were made prior to 1969, before the passage of federal and 
state statutes that require inclusion of environmental impacts. Almost all tidal channel crossings were, and 
sometimes still are, designed to simply optimize hydraulic conveyance for drainage or design floods at least cost.  
 
The loss of connectivity that occurs when dikes are constructed across wetlands and floodplains is well 
documented. Embanked bridge crossings can generate similar environmental impacts because they too may 
restrict the flow of animals, water, sediment, organic plant material and detritus. Today, however, there is an 
opportunity to assess and rectify the impacts of existing structures through restoration. The question that will need 
to be addressed is: 
 

‘what are the tradeoffs between enhanced ecologic benefits and restoration costs for breaches or bridges 
larger than those required for hydraulic conveyance?’ 

 
The hierarchy of benefits represents a new approach to crossing design by expanding its view from the minimum 
opening size that the hydraulics requires to one that considers how location and size of openings will impact the 
morphology and ecology of the ecosystem. This hierarchy of benefits will aid PSNERP decision makers by 
shedding light on whether a dike removal or a dike modification, and associated construction and monitoring 
costs, is warranted given particular parameters. It is a tool devised for this specific project, and its development 
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was constrained by existing information and a short time horizon. It can be considered a starting place for cost-
benefit analyses that incorporate the geomorphic and ecological aspects of ecosystem function. 
 
 
2. CONCEPTUAL MODELS OF OPENINGS 
 
PSNERP has described 21 management measures that that can be used to develop and evaluate Puget Sound 
nearshore restoration alternatives at individual sites. Management Measure 3 (MM3) (Clancy et al. 2009), 
describes in detail the need for and expected outcomes of dike removal or modification. One expected outcome is 
higher growth and survival of juvenile salmon in nearshore habitats. The connection between the restoration 
action (reintroducing the full tidal prism, flooding frequency and duration) and the goal (higher juvenile salmon 
survival rates) is expressed in a conceptual model that shows how the restoration action will likely restore 
processes and create structural changes that make the goal possible (see Figure 1). 
 
Similarly, Management Measure 9 (MM9) (PSNERP 2009) describes the need for and expected outcomes of 
hydraulic modification. MM9 has comparable expected outcomes, and its conceptual model expresses how the 
restoration action (replace tide gate with open breach) will likely restore processes and create structural changes to 
improve salmon production and enhance other nearshore functions (see Figure 2).  
 
Both dike removal or modification and hydraulic modification will result in a different type of opening across a 
tidally influenced area, such as a marsh or delta, than the constricted openings that currently exist. The impacts of 
the width, location and size of the new opening needs to be considered not only on the tidal and fluvial hydrology, 
but also on the geomorphic and ecologic processes of the tidally influenced area. This adds an additional 
dimension to the conceptual model because the rate at which the restoration goals can be achieved will be 
impacted by breach size.  
 
 
3. IMPACTS OF CROSSING SIZE ON BARRIER ESTUARIES 
 
Ecologic functioning of a number of barrier estuaries in the Puget Sound is constrained by road crossings. 
Typically, a road embankment has been constructed that follows the alignment of the natural barrier beach (Figure 
3). The connection to tidal waters is often restricted to a single culvert or constricted bridge crossing. In addition, 
the inlet is fixed in location and high tide storm surge flows across the barrier beach are prevented by the 
embankment acting as a dike, reducing general flow over the marsh surface toward the bay front and eliminating 
wave action in the interior of the estuary. 
 
The potential impacts of crossings on barrier estuaries are listed in Table 1 in terms of hydraulic and sedimentary 
processes and geomorphic and water quality impacts. The size of the inlet is often limited, which may partially or 
completely block the flow of water and mute the tide. This has implications for the location of head of tide and 
tidal prism volume. Small inlets may partially or completely block detritus, and large woody debris, and organic 
plant material from entering the estuary. Intertidal habitats inside the causeway may aggrade at a higher rate than 
areas outside due to the capture of sediment conveyed by floods from the watershed, or degrade when isolated 
from deposition of estuarine sediments brought in on the flood tide making these marshes more susceptible to the 
effects of sea level rise and geologic subsidence.  
 
However these impacts do not occur in isolation. For example, within a barrier estuary alteration of the tidal 
signal has multiple hydrodynamic and geomorphic impacts including lowering of high tide elevations, raising low 
tide elevations, raising mean tide elevations, reducing the tidal frame, reducing the tidal prism in the marsh and 
reducing the tidal excursion. The structural and functional responses include isolation of marsh plains and 
conversion to fresher water habitats, a reduction in area of intertidal mudflat and sandflat habitat, siltation of tidal 
channels, an elevated water table affecting marsh to forest transition, a limited fluctuating water table affecting 
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plant growth, atrophy of the channel system due to sedimentation and reduced channel connectivity, and passive 
advective transport of organisms into the estuary through baroclinic circulation. 
 
The combination of embankment and reduced inlet size reduce both the area of habitat and habitat connectivity 
which in turn impacts all aspects of ecosystem function: distribution and abundance of species, community 
dynamics, productivity, and invasive species. 
 
In restoring the ecosystem functions of these estuaries, the main tool is to decrease the hydraulic constriction due 
to the crossing and increase the habitat connectivity. The size of the opening will determine the type and amount 
of ecosystem processes that are impacted. The largest possible opening size will eliminate these impacts, while a 
small opening size will likely produce all of them. Intermediately sized openings will have impacts between these 
two endpoints. 
 
 
3.1 Benefits of Increasing Bridge Crossing Size  
 
To illustrate how much ecological benefits increase as opening size increases, we have carried out a first-cut 
qualitative assessment of five general categories of crossings as described below (see Figure 5): 
 

1. Existing conditions. This assumes a raised embankment along the barrier beach and tidal flow 
restricted to a single culvert or narrow bridge crossing sized to drain the area landward of the 
barrier. Tidal regime will be strongly muted. All flows over the barrier beach will be blocked by 
the embankment.  

 
2. Expand the inlet size with large culverts or bridge crossing to allow regular tidal inundation of the 

area landward of the barrier. The inlet crossing is designed to be the minimum size to allow the 
full average diurnal tidal range within the estuary based on the hydraulic geometry for tidal 
channels. However, tidal velocities will be greater than naturally occurring at the inlet requiring 
armoring to prevent scour and lateral migration. In addition storm surge tides will still be 
constricted. All flows over the barrier beach will be blocked by the embankment. 

 
3. Expand the inlet size to allow for a naturally adjusting channel inlet to form. This would require a 

clear span bridge designed wide enough to allow a natural convex sided inlet channel that can 
adjust to storm surge tides. All flows over the barrier beach are blocked by the embankment. 

 
4. Expand the inlet crossing to allow for lateral migration of the inlet channel. A bridge would be 

sized not only for the appropriate inlet channel morphology but also for historic migration width. 
Laterally meandering inlets have a tendency to ‘reset’ the estuarine drainage system and marsh 
habitats through bank erosion and migrating flood tide shoals All flows over the barrier beach are 
blocked by the embankment. 

 
5. Complete removal of tidal barriers. This would include a bridge crossing to allow inlet migration 

and replacement of the embankment with an elevated causeway on pilings. The former road 
embankment would be graded down to natural beach crest elevations to allow for storm surge 
inundation and transport of large woody debris (LWD) into the estuary. The input of LWD 
creates habitat structure for all trophic levels from algae to invertebrates to fishes and wildlife; it 
allows for various species to seek shelter, find food, spawn, roost or nest. LWD also impacts 
sediment movement, potentially creating beach berms. More recently, LWD has been cited in 
facilitating tidal marsh succession acts by providing a nursery habitat for salt-intolerant species 
(Maser and Sedell). 
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Table 1 shows in detail how various process alterations impact ecosystem structure and function. Figures 5 uses 
this information to qualitatively assign values to restored processes according to opening size. 
 
 
4. IMPACTS OF CROSSING SIZE AND LOCATION ON RIVER DELTAS 
 
River deltas are dynamic geomorphic landscapes, with river distributary channels that evolve and migrate in 
response to major floods. They sustain a gradient of wetland habitat types from forested floodplains to forested 
tidal wetland to tidal marsh and mudflat. Roadways traverse river deltas at many locations in Puget Sound (Figure 
4). Typically these have been constructed for convenience on embankments on the flat intertidal areas across the 
delta front and have concentrated river flows at a single bridge crossing location. Fixing the river channel in this 
way can significantly reduce the area of active delta. Upstream the river is restrained from avulsing into different 
distributary channels, resulting in a reduced variety of habitat types, and because of increased sediment 
deposition, the floodplain and former intertidal habitats aggrade. Downstream, single bridge crossings may 
partially or completely block the flow of sediment that sustains marsh habitats. Channelizing the outflow of 
riverine sediment along a single alignment forces delta progradation, changes salinity distribution and causes 
impacts to natural systems.  
 
For instance, the size and location of bridge crossings are factors that will ultimately determine the viability of a 
salmon population. A population will become more viable if the size and location of the new opening adds new 
habitat, connects habitat and increases habitat capacity. New tidal or distributary channels will help to increase all 
three of these criteria, which alter the distribution and composition of life history strategies and result in an 
increase in viability.  
 
 
4.1 Benefits of Increasing Bridge Crossing Size  
 
To illustrate how ecologic benefits of river delta habits could be restored with increasing the size of bridge 
crossings we have conducted a first cut qualitative assessment of the four alternatives described below (see Figure 
6): 
 

1. Existing conditions. Assumes the roadway has been constructed on an elevated embankment that 
prevents tidal and river flows, and the bridge crossing itself has been sized to the typical design 
flood. Channel avulsions and distributary channel formation are restricted to the area downstream 
of the crossing. Elsewhere downstream of the embankment, tidal marshes are not replenished by 
sedimentation and relict distributary channels silt in. Upstream former intertidal wetlands convert 
to floodplains and the river channel is prevented from migrating or avulsing with river training 
structures that simplify habitat structure within the river channel. 

 
2. Additional bridge crossing. The existing bridge crossing is duplicated at a location where a major 

distributary channel had been blocked off by the embankment. This would encourage a channel 
avulsion upstream and permit the main river to switch its course between two crossings, doubling 
the size of the active delta. 

 
3. Extended bridge crossings allow for channel migration. Bridge spans are widened to allow for 

historic rates of lateral channel migration. Laterally meandering channels ‘reset’ the fluvial 
system through bank erosion and subsequent deposition in point bars. This introduces sediment 
and LWD into channels from stream banks, and promotes the exchange of nutrient-rich soils into 
the fluvial system. The erosion of banks, and subsequent deposition, results in a dynamic system 
with a mosaic of habitat types. 
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4. Extended bridge crossings with road on pilings. This would allow for restoring complete tidal 
exchange across the delta front. In addition it would allow removal of upstream river 
embankments allowing for restoration of fluvial processes acting across the delta. 

 
Table 2 shows in detail how various process alterations impact ecosystem structure and function. Figures 6 uses 
this information to qualitatively assign values to restored processes according to opening size. 
 
 
4.2 Benefits of Changing Bridge Crossing Location  
 
The amount of ecological benefits derived from restoration efforts is not only influenced by the size of the 
opening, but also by its location within a watershed. The location of a crossing will be impacted by the tides 
(Figure 7). A qualitative assessment of tidal effects can be accomplished by expanding upon an approach 
published in Hydraulic Engineering Circular (Richardson, 2001) that is used to evaluate hydrological processes at 
crossings. This is, in large part, a measure of the distance from the head of tide to the crossing location. As the 
distance increases, the volume of tidal prism increases and, in turn, the discharge associated with each tidal cycle. 
Discharge drives the transport of fluvial and marine sediment in the estuary and scour at crossings. The distance 
from head of tide is also a measure of the crossing’s effect on estuarine processes. Estuarine development (fill, 
dikes, land use) modifies the level of impact.  
 
Qualitative categories of impact include (see Figure 7):  
 

1. Low impact– the crossing is located near to the head of tide where tidal inundation occurs within 
the main channel banks, or where the tidally inundated marsh area is small. 

 
2. Medium impact – this category encompasses most of the cases where the road embankment is 

built in the middle of the delta.  
 

3. High impact– the crossing is located at the marine edge of a marsh, or encloses a large area 
principally below mean high water. These are cases where tidal volume is large and that 
significant inundated areas are funneled through a single opening, cutting off flow into 
distributary channels and over the marsh edge. 
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Table 1. POTENTIAL ADVERSE IMPACTS OF CROSSINGS ON BARRIER ESTUARIES 
 
BARRIER ESTUARIES - Assumes culverted entrance, road embankment along beach alignment, watershed relatively small relative to estuary. 
 
 
BARRIER ESTUARIES Process Structural Impact Functional Response 
HYDRAULIC/ 
HYDRODYNAMIC PROCESS 
IMPACTS 

Alteration of tidal stage 
characteristics (#2) 

Lowering of high tide elevations Isolation of marsh plains, 
conversion to fresher habitats 

  Raising low tide elevations Reduction in area of intertidal 
mudflat/sandflat habitat 

  Raising mean tide elevations Water table elevated affecting 
marsh to forest transition 

  Reduction in tidal frame Water table fluctuation limited 
affecting plant growth 

  Reduction in tidal prism in marsh Channel system atrophies through 
sedimentation; reduced channel 
connectivity 

  Reduced tidal excursion Passive advective transport of 
organisms in and out of estuary 
diminished 

 Alteration of salinity 
distribution (#5) 

Vertical salinity stratification 
degraded through mixing 

Reduction of passive transport of 
organisms into estuary through 
baroclinic circulation 

  Salinity mixing zone length 
truncated 

‘Squeezing’and reduction of 
brackish zone habitats 

 Elimination of storm surge 
overwash across beach (#3, 4) 

Transport of large woody debris 
into marsh 

Habitat heterogeneity reduced 

  Mobilization of detritus due to 
storm surge wave action 
eliminated 

Export of nutrients to estuary 
reduced 

SEDIMENTARY PROCESS 
IMPACTS 

Alluvial sedimentation altered 
by backwater affects 

Fine sediment accumulates on 
marsh plain 

Shift to upland habitats 

  Coarse sediment accumulates in 
tidal channels 

Loss of blind channel habitat 

 Estuarine sedimentation limited 
by reduction in tidal flows (#1) 

Reduced tidal prism reduces 
sediment delivery to marsh plain, 
causes lowering relative to tidal 
frame 

Reduced productivity of marsh 
vegetation 

  Increased turbidity in tidal 
channels due to loss of marsh plain 
sediment sink 

Adverse affect on benthic 
organisms and eelgrass 

GEOMORPHIC IMPACTS Alteration of entrance channel 
morphology from broad shallow 
to narrow 

Increased tidal velocity through 
entrance creates scour holes 

Increased fish mortality 

  Channel location fixed instead of 
lateral migration affecting ebb and 
flood shoal extent 

Adverse affect on benthic 
organisms 

  Fixed channel location may lead to 
permanent closure of confined 
marsh by longshore drift 

Eliminates exchange of water, 
sediment, nutrients and organisms 

 Atrophied tidal drainage system Tidal channels shallower Degraded estuarine habitat 
  Dendritic tidal channel system 

becomes disconnected 
Estuarine habitat degraded 

 Marsh plain elevations changed Lowered marsh plain Reduced marsh productivity 
  Areas raised by alluvial 

sedimentation 
Change to freshwater or upland 
species 

WATER QUALITY IMPACTS Increased residence time (#6) Reduction in tidal exchange Algal blooms in marsh channels, 
anoxic in poorly drained holes 

  Reduction in tidal excursion Export of water column 
productivity to larger estuary 
limited 

 Accumulation of toxics Reduced tidal scouring allows 
accumulation of polluted 
sediments from watershed 

Toxic affects on organisms 

  Reduced residence time means 
concentration of dissolved 
pollutants in water column is 
higher 

Toxic affects on organisms 

 



Table 2. POTENTIAL ADVERSE IMPACTS OF CROSSINGS ON RIVER DELTAS 
 
RIVER DELTAS - Assumes single bridge crossing across main river sized for major river flood on piers, road embankment across rest of delta. 
 
RIVER DELTAS    
HYDRAULIC/ 
HYDRODYNAMIC PROCESS 
IMPACTS 

Alteration of fluvial flows Concentration of flood flows at 
one discharge point raises flood 
stages upstream 

Shift from marshplain to 
floodplain ecologic processes 

  Elimination of out of bank flows 
upstream increases discharge, 
scouring and flood velocities in 
main channel 

Reduction of fish refuge habitat 
and shallow water habitat 

 Alteration of estuarine tidal 
flows 

Deeper main channel can extend 
tidal influence further upstream 

Introduction of predators upstream 

 Alteration of estuarine salinity 
distribution 

Extension of single channel into 
deeper waters creates abrupt fresh 
to salt water mixing zone 

Adverse impacts on anadramous 
migration 

  Elimination of distributary 
channels alters spatial distribution 
of mixing zones across delta front.  

Reduction in brackish zone, 
adverse impact on shellfish 

  Elimination of distributary 
channels reduces linear extent of 
salinity transition zones 

Reduction in anadramous fish 
habitat 

SEDIMENTARY PROCESS 
IMPACTS 

Alluvial sedimentation Increased sedimentation on 
marshplain/floodplain upstream 

Conversion from tidal marsh to 
floodplain habitats 

  Reduced sediment delivery and 
erosion where distributary 
channels have been blocked 

Loss of intertidal habitats 

  Coarse sedimentation concentrated 
at mouth of single channel, instead 
of being distributed along multiple 
channels across delta front 

Loss of habitat heterogeneity 

 Estuarine sedimentation Estuarine mudflats not replenished 
during flood events –fine alluvial 
sediments lost to deep water 

Loss of intertidal mudflat/sandflat 
habitat 

  Reduced flood tide suspended 
sediment concentrations reduce 
marshplain sedimentation rates 

Loss of productivity and area of 
marshplain habitat 

 Large wood accumulation More export of large woody debris Reduction in complexity of 
channel habitat 

GEOMORPHIC IMPACTS Spatial reduction of active delta Reduction in area Loss of benefits of large scale 
ecologic processes 

  Simplification of deltaic system Reduction in heterogeneity of 
habitats, loss of alternate migratory 
routes 

  Disruption of natural gradient of 
wetland habits from floodplain to 
mudflat 

Loss of connectivity of habitats, 
fragmentation of habitats 

  Delinking of river channel from 
marshes 

Adverse affect on migrating fish 

 Main river channel changes Deeper river channel Simplification of  fish habitat 
  Channel location fixed Reduction in habitat complexity 

derived from meandering 
processes 

  Extension of delta lobe to deeper 
water reducing channel slope, 
increasing in-channel sediment 
deposition 

Loss of watershed derived 
nutrients to estuarine system 

 Distributary channel changes Remnant distributary channel 
atrophies  

Loss of channel edge habitat and 
migration routes 

 Marshplain system changes Marshplain erosion Loss of marsh area, conversion to 
mud/sand flat 

  Marshplain lowering Reduction of productivity 
 Mudflat changes Mudflat lowering Loss of mudflat habitat 
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figure 1
PSNERP Concept Engineering

Conceptual model of dike removal or 
modification

Source: PSNERP Management Measures (2009) 

PWA Ref# 2036.01 
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figure 2
PSNERP Concept Engineering

Conceptual model of hydraulic 
modification

Source: PSNERP Management Measures (2009) 

PWA Ref# 2036.01 
 

: ·Restorat!9~ :ti 
l ~c~io"! · .·1 

Replace tide gate 
with open breach 

j -~Re~to!e~: ~ 
, P.rocesses 
. r ..... • ~"1 

Fish access to 
shallow water 

habitat 

Sediment supply to 
marsh 

Full tidal inundation 
in marsh 

Increased nutrient 
delivery and 

transformations 

Increased tidal 
prism downstream 

-~~ru ~tu;a1 1 --~ 
: ··~~.a~g~s . , 

Sediment accretion 
on subsided 

surface 

Recolonization an<l 
growth of emergent 

tfdal marsh 
vegetation 

Increase production 
of benthic 

invertebrates and 
insects 

\Mdening and 
deepening of 
downstream 

channels 

----- - - . -_-c;;;o ; 

· Functional ~ 1 

~-R~spon~-~ · ; 

Increase juvenile 
salmon res.ldence 

time 

Higher growth and 
survival in 
nearshore 

Increase juvenile 
salmon prey 
consumption 

Enhanced estuary 
community 

~ PWA 



\\Mars\Projects\2036.01_PSNERP_Phase_1_Conceptual_Engineering\Applied Geomorphology Guidelines\Hierarchy of Openings\Fig 3 General layout of 
barrier estuary.doc 

 

figure 3
PSNERP Concept Engineering

General layout of barrier estuary crossing

Source: 

PWA Ref# 2036.01 
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figure 3
PSNERP Concept Engineering

General layout of river delta crossing

Source: 

PWA Ref# 2036.01 
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figure 5
PSNERP Concept Engineering

Benefits of widening crossings of a barrier estuary

Source: 

PWA Ref# 2036.01 
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figure 6
PSNERP Concept Engineering

Benefits of widening crossings of a river delta

Source: 

PWA Ref# 2036.01 
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figure 7 
PSNERP Concept Engineering 

Location of crossing 

Source:  

PWA Ref# 2036.01  
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